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“To Hold, as’t Were the Mirror up to Nature; 
to Show the Very Age and Body of the Time’’* 


E. LANGER 
The University of Wisconsin, Madison 


HE DAYS ARE NOT LONG PAST since 

mathematical instruction, beyond a 
very elementary stage, was decried by 
many an ostensible educational leader as 
having little value except for a small mi- 
nority of the school population. To that judg- 
ment we opposed ourselves, stubbornly, 
but not always with success. We were 
heard with forbearance, as one does the de- 
fenders of a vested interest, but the place 
of mathematics in the general curriculum 
was nevertheless minimized. Other sub- 
jects, less intellectually burdened, but alleg- 
edly more immediately relevant to daily liv- 
ing, were put forward as more appropriate 
and important. 

Time has hastened to disconcert those 
who carried this issue against us. Today 
others, without any stimulus on our part, 
are calling for more widespread mathemati- 
cal competency, and are doing so with an 
insistency that astonishes even us. They are 
telling the public—no, they are warning it 
~that a great increase in the supply of per- 
sons with mathematical training is nothing 
les than critical for our national safety, for 
the very preservation of our mode of life. 
ls this an over-correction? Is the pendulum 
which was formerly pushed too far to one 


* Address delivered to National Council of 


rs of Mathematics at Ann Arbor, August 18, 
59. 


side now swinging too far in its return? I 
thought it might suit this occasion not badly 
for us to consider this matter, or, in the 
words of Shakespeare: ““To hold, as’t were, 
the mirror up to nature; to show the very 
age and body of the time.” 

Many a river, as it flows along its course 
from source to sea, passes in turn through 
reaches of calm and ones of turbulency. 
Here it glides with a deep and easy sweep, 
only to plunge there into confusion, to tum- 
ble and rush chaotically without direction 
but with much noise toward no apparent 
goal. The unfolding of history in the stream 
of time seems sometimes to be of a similar 
pattern. Quiescent eras, placid and peace- 
ful, give way, as it seems sometimes pre- 
cipitately and unaccountably, to troublous 
ones, in which the orders of the day are ten- 
sions and conflicts. We find ourselves now 
in such a disturbed era. Diplomatic and eco- 
nomic crises succeed each other in dismay- 
ing tempo, and military ones constantly im- 
pend. Our destiny is clouded. Anxiety over- 
shadows us, as we contemplate terrors of 
war and threats to freedom. Our continued 
liberty to choose, without hated outside 
dictation, what shall be the cultural pat- 
terns and practices to which we shall sub- 
scribe, seems suddenly to be in jeopardy. 
Certainly the historical narrative, as it will 
be told in the future, will not pass our times 
by as eventless and dull. 
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Some of us can remember a calmer past. 
But when we do so we recall also that the 
mathematics teacher was not then exalted 
as he or she now is. Mathematics, at least 
as a curricular subject, was then discounted. 
It was conceded to have worth only for a 
few. In the curriculum it was being pro- 
gressively dislodged from the center, even 
threatened with complete eclipse. The yard- 
stick of much educational doctrine was 
then immediate practical utility. Subjects 
free from baffling difficulties and from the 
importunities of logic were preferred—as it 
was said, to protect the pupil’s egos from 
harmful experiences of frustration. The 
“hard” subjects, mathematics prominently 
among them were diluted, softened up, 
minimized or displaced. 

That such was deluded doctrine, time 
has hastened to show. The realities of life are 
not to be conjured away by wishful thinking, 
nor does the race go to the soft and un- 
trained runner, however much unwar- 
ranted self-confidence may have been in- 
stilled into him. Now the land rings with 
calls for sturdy talent, for men and women 
trained, to whatever stage, but thoroughly, 
in “hard”? mathematics. You, as mathe- 
matics teachers, have become objects of 
national concern, and have been projected 
into a completely central educational role. 
What are the reasons for this transfiguration? 

The most distinctive traits of our culture 
—the culture of the West—at least as it has 
evolved in its later course, have been a devo- 
tion to science and exploitation of science in 
technology. The origins of these activities lie 
far in the past. Their dominance, as social 
forces however, dates back only into the last 
century. In the more recent past, they have 
burst forth to sheerly explosive proportions, 
so that presently they effectively shape and 
direct our lives. Now mathematics is the 
mainstay of both science and technology. 
For it is the medium by which the human 
genius records its observations upon the 
structure and behavior of nature, and from 
which it draws the power to discern the 
underlying order. It supplies man, in short, 
with the basis for broadening his under- 
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standing and for bending his knowledge to 
useful ends. 

This whole matter of the character of 
mathematics and its role as a human enter- 
prise is, unfortunately, all too little under- 
stood, despite the fact that in a literate so- 
ciety such as ours everyone is at some time 
exposed to some mathematical instruction. 
The great majority of people, even of those 
who are otherwise well informed, are utterly 
unaware of both the vastness and the diver- 
sity of mathematical thought, and of its liy- 
ing dynamic character. In no measure what- 
ever do they realize that mathematics is the 
central directive agent of the whole human 
quest for quantitative understanding of the 
environment, that it is in command at all 
points in man’s efforts to apply nature to 
his advantage, that it is the medium through 
which chaos and superstition are banished, 
and that it is the backbone not of one science 
or of several, but of all science. 


The Role of Mathematics 


A scientific doctrine comes to stature and 
is accorded authority only where, and only 
to the extent that, it is formulated in mathe- 
matical theory. The invention of applicable 
theories, and. their enlargement and perfec- 
tion, are the mathematician’s domain. Only 
where appropriate theories are at hand, are 
the roads to scientific advance and techno- 
logical development open. The assignment 
to keep the roads open, is a continual spur 
upon mathematics to extend its capability 
through growth and diversification. Scien- 
tific evolution would soon cease in the ab- 
sence of mathematical expansion. ‘The great 
technological achievements of our century 
—transportation by flight through the at- 
mosphere or under the surface of the sea, 
the mass communication mediums of radio 
and television, the recording of musi, 
atomic fission and fusion, radar detection 
and rocket power, the analysis of spatial ra- 
diations, the expanded knowledge of the 
astronomical universe and of the constitu- 
tion of the earth—all these have, in their ap- 
propriate measures, been mathematically 
achieved. 


The 
is thu: 
fact 2 
to be 
claim: 
hende 
New 


born, 
spreat 
erable 
and r 
single 
diate 

devel 
comp 
nothit 
struct 
porat 
matic 
meast 
deal \ 


lion, 
reach 
were 
the e 
is cer 
tiona: 
varie! 
aswe 
are 

techn 
efficic 
comp 
Rout 
more 
conse 
shifte 
less te 
whic] 


know 


Tk 
to or 
fectir 


| 
were : 
capal 
Th 
in Wl 
know 


DeEcEMBER, 1959 


The inner growth of mathematics, which 
is thus positively essential, is, fortunately, in 
fact going on. It is even vigorous, although, 
to be sure, it is not often popularly pro- 
claimed like many more easily appre- 
hended scientific or technological triumphs. 
New mathematical theories continue to be 
born, and as lusty infants receive wide- 
spread attention, while older ones, even ven- 
erable ones, are restlessly being rejuvenated 
and revivified on the basis of new ideas. A 
single instance of this, from the very imme- 
diate past and even from the present, is the 
development of the high-speed electronic 
computting machines. These machines are 
nothing other than mathematical logical 
structures which engineers have _incor- 
porated into hardware. With them mathe- 
matics has magnified its own powers so im- 
measurably in many fields that it can now 
deal with whole categories of problems that 
were sheerly beyond its, beyond any human, 
capability only a score of years ago. 

The belief has been voiced that this era 
in which we now find ourselves will be 
known in the future as the technological revolu- 
tion, and that its effects will be no less far- 
reaching and profoundly reforming than 
were those of the industrial revolution of 
the eighteenth and nineteenth centuries. It 
is certainly true that industry is in a revolu- 
tionary state. Its production rates, and the 
variety of its commodities, especially of such 
as were only recently discovered or invented, 
are unprecedentedly immense, whereas 
technology has so heightened production 
eiciencies that increasing tasks are ac- 
complished with ever fewer hours of labor. 
Routines are being transferred more and 
more from human hands to machines. In 
consequence of that employment is being 
chifted in large measure from persons with 
less to ones with more technical training, by 
which is often meant to ones with more 
knowledge and skill in mathematics. 


International Implications 


These changes, even were they confined 
‘0 our own Country, would be deeply af- 
lecting. They are, however, not so confined, 
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and by that very fact their impacts are 
ominously magnified. They have destroyed 
the bases of former international alignments. 
New destinies have been born of them, and 
make themselves felt in pressures and clashes 
of interests that are burdened with the dan- 
gers of war. In the new order which has thus 
come about, the rise of Russia to the posi- 
tion of a world power is conspicuous. It is a 
direct result of industrialization. To recog- 
nize that, is inevitably to recognize also that 
power among nations will be held by the 
technologically strongest. In the past the 
dominant power has been ours. To wrest 
that from us the Soviets have thrown them- 
selves into the struggle for supremacy in the 
technological field with a singleness of pur- 
pose and an intensity of effort which con- 
siderably surpass our own. 

The Soviets give their allegiance to politi- 
cal tenets and social ideologies that are 
poles apart from ours. Their opposition to 
us is therefore disquieting, and loaded with 
threats to many of our material interests. 
And not only to those, but more profoundly 
to the continuance of our freedom to fashion 
and direct our own social, economical, 
political and religious institutions in the 
ways we prefer, without alien dictation, and 
to wield and enjoy justice as we conceive it. 
With what seems like desperate suddenness 
we find ourselves in jeopardy of all the dev- 
astation that man can loose by his mastery 
of natural phenomena. For technology, 
when turned to destruction, operates with 
terrible effect. We are pitted against an ad- 
versary who is swelled with arrogance in a 
new-born awareness of power. Our doc- 
trines are hateful to him, or at least to his 
coterie of leaders, and he sees in us the 
agency which, and which alone, threatens 
the frustration of his gratuitous ambitions. 
The engagement in which we are thus 
locked is an unsparing one, in which any- 
thing less than our best total effort is cer- 
tain to be disastrously insufficient. 

The Soviets have first-rate scientists and 
mathematicians. They are resolutely work- 
ing to increase greatly their supply of 
trained personnel. The leadership which 
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was ours is slipping away; the prospect of 
losing it wholly confronts us. In point of 
natural resources we are matched, in sheer 
numbers of men we are completely out- 
matched. That being so, our hope to main- 
tain an ascendant position must be primed 
to the shrewdest possible use of our wits, 
that only means by which one can magnify 
oneself to compete with a physical superior. 
This is what the mirror shows when we hold 
it up to nature. This is the age and body of 
the time. 

The fact to which we have thus been 
rudely awakened, is that technological prog- 
ress, that beneficent genie that has hereto- 
fore given us our high standard of living, 
cannot henceforth be safely left to its own 
recourse, but has become one whose favor 
we must sue to the utmost and whose welfare 
it is imperative for us to hasten. Upon that 
our future depends, and that, therefore, is a 
matter that impinges quite directly upon all 
of us in this room. For the future of a Coun- 
try is shaped, in the very first instance, by 
its educational effort, which is to say by its 
schools. The burden of a renewed and 
heightened effort therefore falls upon them. 
And because their strategic importance is 
clear, we suddenly find the schools admon- 
ished of the ominously developing national 
need in the pronouncements of committees, 
commissions and councils, and by advisors 
to the highest authority of the land. Public 
attention is being directed upon the schools. 
Teachers and pupils have become subjects 
of discussion in circles which in other times 
rarely gave them a thought. Reappraisals 
of the schools’ responsibilities to the social 
body are being called for, and the demand is 
heard for a reorientation of the schools to 
tougher and more realistic objectives. The 
need for more teachers is stressed, and the 
inequities with which teachers have had to 
content themselves in the past are being 
acknowledged and promised of redress. 

Among the challenges of the day none is 
being sounded more insistently than the 
call for more, and more effective teaching of 
mathematics. From that, every mathe- 
matics teacher surely can draw a measure 


of gratification, for it manifestly emphasizes 
the importance of the mathematics teach- 
er’s job. Personal and professional satisfac- 
tion root upon that, but so also does larger 
responsibility. In countries that are under 
the sway of dictatorial rule, pupil enroll- 
ments in mathematics classes, or, for that 
matter, in any classes, can be raised by edict 
and maintained by regimentation. Those 
expedients are not ours; we neither can nor 
wish to use them, since we have no remote 
desire to abrogate each individual’s right 
to choose in matters of his own fortune. Per- 
suasion and guidance are less prompt than 
compulsion, and are more demanding of 
patience and devotion. Nevertheless they 
seem to us to be the preferable means, and 
to be more certain of honest results. 

With pupils exposed in these days to re- 
peated emphasis upon the challenging roles 
and dynamic character of science and tech- 
nology, through almost uninterrupted 
broadcasts of news and commentary upon 
current events and trends, the task of per- 
suading them of the importance of mathe- 
matics for many an exciting career should 
not prove difficult. The main problem may 
be to correct the belief that such careers are 
only for super-men. The facts are that op- 
portunities, for both men and women with 
mathematical training, be that through the 
advanced or the intermediate stage, or even 
only through the elementary stage, are now 
numerous, varied, and well rewarded, as 
they never were before. Careers are open in 
industry and in many branches of the Gov- 
ernment, and, of course, also in the schools 
themselves. Where positions calling for 
mathematical training were few in the not 
very distant past, there are now many, and 
it is to be foreseen that even a greatly in- 
creased supply of trained persons will con- 
tinue to fall short of the growing demand. 
In our whole economy the trend is from less 
trained to better trained personnel. 


Mathematics in the Schools 


The call for the more effective teaching of 
mathematics is being met by efforts, many 
of them presently under way, to reform the 
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curriculum, on the one hand, and to bolster 
teacher competency on the other. As to the 
curriculum, the attention is being directed 
upon a revaluation of subject matter, with 
an eye toward minimizing the more dispen- 
sable items to permit the introduction of ones 
that seem to be more relevant to modern 
needs. The importance of this cannot be 
questioned. I shall refrain from discussing 
it, however, both for the reason that I have 
not personally had a hand in it, and because 
I know that many of your deliberations at 
this meeting center upon it. 

The awakened recognition of the impor- 
tance of mathematics has, not unnaturally, 
called forth a demand for higher compe- 
tencies on the part of its teachers. As a social 
force mathematics has changed the times. 
But it has also changed with the times, and 
is indeed continually changing. Even in the 
very recent past fruitful new ideas in con- 
siderable number have been conceived by 
it, and on the basis of these new disciplines 
have been born and older ones recon- 
structed. While much of this is recondite 
and specialized, some of it is, on the con- 
trary, easily accessible and well adapted to 
enrich teaching backgrounds. The apprecia- 
tion of this has led to the proffering of 
teacher institutes, many of them during the 
summer months, by a number of education- 
ally oriented agencies. These afford teachers 
the means both to refresh and extend the 
stocks of their professional assets. Profit from 
them will depend, of course, upon the teach- 
ers’ response. Professional competency is 
not something that can be embalmed to 
maintain itself. If it is not continually re- 
freshed, it decays. You, who have had the 
enterprise to attend this national meeting, 
are not those who need exhortation upon 
this point. You are, however, only a small 
minority of all mathematics teachers, 
whereas the serious demands of the times 
will impinge upon all alike. 

With the advance of industrialization, the 
general welfare of society has come to de- 
pend more and more upon human acuity 
and wit. Leadership of high intellectual 
calibre has become more and more essential 


in all enterprise, whereas labor and brawn 
have become more dispensable. Finding 
ourselves locked, as we now presently do, 
in an international engagement which fore- 
seeably will strain our every capability to 
the utmost, and in which failure has a most 
malevolent aspect, we are faced with the 
fact that leadership talent is the critical asset 
above all. The detection, the development, 
and the proper employment of such talent, 
with the greatest possible promptness and 
efficiency now confronts us as an imperative. 
The call is accordingly going out—again 
to the schools—to be alert to the early sin- 
gling out of pupils of superior abilities, and 
to open ways for their optimal development. 
The circumstances which are spurring this 
prod upon the schools are regrettable, but 
the prod itself, I am far from regarding as 
such. For it restores to a better perspective a 
matter of which, it has long seemed to me, 
the schools have not been duly mindful. 
Equality of educational opportunity for all 
is a tenet we have enshrined; one to which 
we will continue to cling. It is mistaken, 
however, to read into that tenet an implica- 
tion that pupils must all be treated alike re- 
gardless of their unequal capacities to profit 
therefrom. The total endeavor of the schools 
is limited by the material and human re- 
sources available to them. The maximum 
return they can give—in their role as an or- 
gan for the total social good——-may, there- 
fore, be expected to depend upon a strategic 
allocation of effort. To consider the keeping- 
up of the rear guard as the matter of first 
importance, as a matter to be pressed even 
at the expense of appropriate attention to 
the whole column’s advance, seems hardly 
an admirable strategy. Yet it is one to which 
allegiance has all too widely been given. 
The schools are being urged now, with 
considerable insistence, to look more to the 
head of the column, and when the occasion 
is ripe, to send out advance guards ahead. 
This is not the first time that I have fallen 
upon this theme before this National Coun- 
cil. At your summer meeting at Denver, 
Colorado—I believe it was just ten years 
ago—I had the honor, as I have it now, to 
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be your banquet speaker. The burden of my 
message then bore especially upon this mat- 
ter of the superior student. Some observa- 
tions I made then are still germane. I will 
repeat them in the identical words. “It is a 
fact of nature that in any society the genius 
for leadership resides in only a small minor- 
ity of the people. But the whole impetus 
toward advance, the whole implementation 
of progress, comes from this few. In states- 
manship, in science, in education, in the arts 
and in business the leaders are the excep- 
tions. The great majority of any population 
plays no role in shaping its own destiny, but 
depends inertly upon the leaders, who are 
the brain of the social body. The best that 
education can do for the many average pu- 
pils would come to little were they not to 
receive guidance later from the superior 
minds.” 

“In recent years we have been drawn 
more than ever before into international re- 
lationships. Our rivals are intelligent ener- 
getic peoples, who are resourceful and de- 
termined—not to be safely underestimated. 
They do not see eye to eye with us. That 
being so, the most elementary considera- 
tions must tell us that our best efforts will 
be needed to hold our own.” 

“We are pitted against people who have 
a lively reverence for leadership. In their 
educational effort they are giving this their 
foremost attention. Is it the part of wisdom 
for us to continue our present neglect of our 
better students?” 

The ten years since I wrote those words 
have subtracted nothing from their truth, 
but have added greatly to their urgency. 
The national leadership, which was then 
ours, has in large measure slipped from our 
own grasp, and has fallen into almost pre- 
carious balance. The way on how the beam 
shall tilt in the future will rest largely with 
the schools. 

The profession of teacher is an exalted 


one. If life under our institutions and by 
our standards has values—as I am sure we 
do believe—those values are summed up 
in our understanding of the universe, our 
reverence for its orderly scheme, our faiths, 
our tenets of conduct and justice, our dedica- 
tion to freedom for initiative and expressive 
creation, and our respect for the dignity of 
the human individual. The orderly trans- 
mission of this wealth from the passing 
generation to the oncoming one, and the 
inculcation of such respect and love for it 
as will insure its defense and preservation, 
that is the teacher’s mission. If we hold the 
mirror up to nature, it shows us that the age 
and body of the time is one in which our 
prospects are darkened and our own her- 
itage threatened. Teachers—mathematics 
teachers—if importance of the social niche 
in which your role is cast inspires you—and 
who among us is not thereby inspired— 
yours is a job that is worthy of magnificent 
effort. 


Eprror’s Nore. This is indeed an interesting and 
perhaps troublesome period of history. Professor 
Langer has very beautifully described the role of 
mathematics in the advances of the era. Subscribers 
to this journal might well pass this article on to 
others to read so that more may be informed con- 
cerning mathematics and its role in our society. The 
teacher of mathematics at any level has a serious 
responsibility not only to the large number of typi- 
cal students but particularly to those few who have 
the ability to pioneer in the frontiers of mathemati- 
cal thought. Frequently the spark of genius can be 
identified in the elementary school and here is the 
spot to insert the type of encouragement and stimu- 
lation that will stir such a pupil to inquire, discover, 


and proceed perhaps independently. If a teacher is 


lacking in the insight and in the mathematical 
knowledge which are needed to enhance the work 
of the “gifted pupil” the opportunity may be lost. 
But such a teacher should feel free to seek a source 
of help instead of forcing the individual to become a 
conformist to the basic program set for the average. 
We must hold high the national welfare of the 
United States of America and aid those who may 
become the pioneers in intellectual pursuits. Mathe- 
matics is one of these pursuits and many of us be- 
lieve it to be the most basic. 
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The Hundred-Board 


Marvin C. VOLPEL 
State Teachers College at Towson, Maryland 


pe TEACHER OF ARITHMETIC should 
have a hundred-board. The writer be- 
lieves it is one of the most efficient teaching 
aids for use in the development of under- 
standings of concepts and operations with 
number quantities. If a teacher could select 
but one gadget for use in the arithmetic 
classroom he should choose the hundred- 
board because of its many uses with regard 
to both the scope and grade placement of 
material. 

The hundred-board can take one of sev- 
eral forms. The simplest home-made board 
consists of a square of one-half inch plywood 
large enough to be ruled off into 100 
smaller squares each 2 inches by 2 inches, 
with a 2 inch border around the outside. A 
finishing nail should be driven at the center 
of the top line of each small square. The 
finished product should then be stained and 
equipped with a handle to facilitate han- 
dling, hanging, and storing. In this form it 
can be used on a table, stand, easel, tripod, 
or in a Chalk tray. 


Variations of the above can be effected 
by use of pegs or hooks placed at the exact 
center of each small square, by increasing 
its size so that it can be set on the floor for 


easy handling by small children, or can be 
constructed with feet so that it can be used 
while resting in a horizontal position on a 
desk or table. 

The teacher should have a set of numbers 
from 1 to 100 and a set of one hundred un- 
numbered objects which can be hung on the 
board. The numbers can be purchased com- 
mercially or prepared by numbering oak- 
tag labels, department store price tags, or 
poker chips punched for hanging. The 
teacher should use objects which permit 
easy handling and which at the same time 
are attractive, such as spools, curtain rings, 
rubber washers, identification tags, one- 
inch pieces of plastic hose, and similar ob- 
jects. 


= 


In the paragraphs which follow the writer 
will show a few uses of the hundred-board. 


Number 


The hundred-board, initially, can be 
used to show the cardinal aspect of num- 
bers. @o show that two represents 1 more 
than one, that three represents 1 more than 
two, etc. we present the pictures of these ob- 
jects. Thus when a child learns to say “4” 
he should associate that name with that 
things. This is ‘‘fourness.’’ ‘The meaning of 
the number expressions from one to ten 
should be shown on the board as follows: 
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000 

0000 
90000 
000000 
00000000 
000000000 
0000000000 
— 


ONO ON W 


Now after a child has learned the mean- 
ing of “‘ten’”’ he can count tens. Reference 
to a hundred-board filled with numbers 
clearly reveals groups of tens and the child 
should be taught to count them as tens. It 
should be as easy for him to comprehend 1 
ten, 2 tens, 3 tens, 4 tens, etc. as it is for him 
to learn to count 1 marble, 2 marbles, 3 
marbles, . . . or 1 case, 2 cases, 3 cases, etc. 

Next we introduce the ‘“‘teen’? numbers 
with the help of a second hundred-board. 
Each row of the hundred-board represents 
a ten, so if a filled hundred-board is placed 
beside the one pictured above the child 
ought to visualize number quantities like 
ten and 1, ten and 2, ten and 3 and the 
other numbers up to ten and 10 or 2 tens. 
If we encourage the child to continue to 
count in this manner, in terms of groups of 
tens and ones, he will readily learn and, we 
hope, comprehend the meaning of the num- 
bers up to 10 tens or one hundred. In this 
way the child will learn to say expressions 
like tens and 5,” tens and 6,”’ tens 


ten and 1 
jo ten and 2 
Oe ten and 3 


and 7” before he is told that such number 
expressions can be shortened to thirty-five 
(35), thirty-six (36), and thirty-seven (37). 


When the child knows that four full rows of 
discs represent 4 groups of ten discs he can 
be shown how to express this quantity sym. 
bolically as 40. An extension of this concept 
should enable him to replace all the dises 
with othcrs numbered to 100. 

We can use the numbers on the hundred- 
board for teaching the child to count by 
twos. We be zin by having all of the numbers 
turned over (face down). We ask the child 
to skip the first disc, number 1, and turn over 
the next disc. We skip one again and turn 
over the next one, we skip one again and 
“face-up” another. If we continue doing 
this until we reach 50 or 60 the child should 
observe the pattern of endings and should 
observe that full columns are turned down 
and full columns are exposed. Those num. 
bers exposed are called ‘even’? numbers and 
all of them end in either 2, 4, 6, 8, or 0. 

The same procedure might be followed 
when teaching children to count by threes, 
fours, or fives. If all of the discs are turned 
down, then we skip two and turn over one, 
skip two and turn over one, etc. when count- 
ing by threes. The numbers exposed will be 
3, 6, 9, 12, 15, 18, 21, 24, 27, 30, etc. The 
pattern of endings does not begin to repeat 
until after we have shown ten threes. 


0204060 8010 0030060090 
0120140 160 18 0 20 012 0015 0018 00 
0 22 0 2h 0 26 21 0 O2%& O 027 0 030 


Another technique to follow in learning 
to count by twos or threes is to stack all the 
numbers in an ordered row or pile, take 
them one by one, place them in rows of 2 
or 3 as the case may be. One does not have 
to replace all 100 numbers on the board but 
enough to enable him to understand the 
concept of counting by groups and to learn 
the respective patterns. The number board 
then will look like this: 
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11 12 16 17 18 
13 14 29. 30 
15 16 22 23 2h 
17 18 25 26 27. 
19 20 28 29 30. 


The hundred-board is useful for picturing 
the various patterns of number quantities. 
The quantity 6, for instance, may be shown 
on the number board in several patterns. If 
children re-arrange discs (a constant num- 
ber of discs) they will discover numerous 
facts concerning the given number. This ac- 
tivity develops insight into number quan- 
tities and number relationships. 

Groups of different sizes may be pictured 
on the board and children challenged to de- 
termine the largest group. If they see groups 
containing 4, 6, and 7 spools they ought to 
be able to deduce that 6 contains (2) more 
than 4, that 7 contains (1) more than 6, and 
that 7 contains (3) more than 4. Conversely 
they will learn that 4 and 6 are smaller than 
7 by 3 and by 1 respectively. ‘The compari- 
son phase of counting can be taught through 
the use of the hundred-board. 


ie) 
2) 
(0), 
Groups of 6 Groups of 4, 6, and 7 


Addition 

The hundred-board is very useful in help- 
ing children discover basic addition facts. 
Since addition is a “putting together’ op- 
tration we want to know how many we have 
altogether if we put 3 discs with a group of 4 
discs. We show 4 discs on the top row and 3 
discs on the second row and then combine 
them into one group. We discover that 
when we put 1 (of the 3) with 4 we will have 
5, another 1 will make 6, and the last 1 will 
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make 7. Thus 4 discs and 3 discs are 7 discs. 
Children will discover that there are many 
addition facts whose sums are less than 10— 
the combining of two small sets of discs will 
often leave the top row incomplete. Also, 
in learning the meanings of the numbers 1 
to 10 they will have discovered how many 
more are needed to complete the row of 10. 
For instance, the last row of discs needs 0, 
the next to last row needs 1 so 9+1=10, the 
row containing 8 needs 2 so 8+2=10, etc. 
In working with the complete set of 10, 
children ought to learn the sub-sets which 
add to 10. The board showing the sum of 4 
discs and 3 discs should gradually have the 
following appearance: 


0000 becomes 00000 then 000000 and then 0000000. 
000 00 0 


Manipulations of this type suggest to the 
students that addition represents an in- 
crease, a movement to the right—a forward 
motion. 


OXXXKXKXXX 1+9=10 
OOXXXXXXXX 2+8=10 
OOOXXXXXXX 3+7=10 
OQOOOXXXXKX + 6=10 
5+5 
000000xXxxx =10 
OQ000000Xxx 7+3=10 
00000000xx 8+2=10 
000000000x 
0000000000 10 +0 = 10 


When children have mastered the com- 
binations which total 10 they should have 
little difficulty recognizing sums which 
total more than 10. Since 7+3=10, then 
7+4, 7+5, 7+6, etc. must be greater than 
10. Let us show the addition of 7 discs and 5 
discs on the hundred-board. The first row 
should show 7 discs. The second row should 
show 5 discs. The discs from the set of 5 
should be moved one by one until we have 
completed the first row. We need 3 of these, 
therefore there should be 2 left on the second 
row. Thus the sum of 7 discs and 5 discs is the 
same as the sum of 10 discs and 2 discs. Since 
10 and 2 represent 12, then the sum of 7 
discs and 5 discs is 12 discs. 

In adding 6+7 (representing spools) 
children will visualize that they must take 4 
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of the 7 to put with the 6 to make a 10— 
therefore 6+-7 is the same as 10 and 3. Ad- 
dition with the hundred-board is similar to 
addition performed along a number line; 
the hundred-board is a number line decom- 
posed into ten sections of ten where the con- 
cept of bridging is equally prominent. To 
add 6 to 7 on the number line one begins at 
the point marked 6 and moves forward (to 
the right) 4 places and then 3 more arriving 
at 13. Thus 6+7=13. 

When showing the addition of 3 or more 
quantities on the hundred-board children 


ought to sense the expediency of filling up 
groups of 10 so as to state the final sum as 
groups of tens plus ones. Thus 8+6+9 
when combined on the hundred-board be- 
comes first 10+4 (2 discs have been moved 
from the group of 6 to the 8 group making a 
complete 10). Then 6 of the 9 are moved to 
the second row completing another 10. 
Since there are 3 left on the third row the 
sum of 8+6-+9 is 2 tens plus 3 or 23. A 
student might move 2 of the 9 into the top 
row and 4 of the 9 into the second row to 
obtain the same result. 


olololo 
olololo 


The rationale of carrying is evident when 
one demonstrates the addition of 2 or more 
two-digit numbers with the aid of the hun- 
dred-board. To show the addition of 27 and 
38 we set up 2 rows of tens and 7 ones and 
then 3 rows of tens and 8 ones. To find the 
composite sum we use some of the 8 ones to 
fill in the row containing the 7 ones. Since 
3 are needed to complete the row the final 
result shows 2 groups of ten, and 3 groups 
of ten (which we had in the beginning), and 
1 more group of ten, and 5 ones. The sum, 
clearly visible on the hundred-board is 65. 
There were enough ones to make another 
complete 10. 


27 
~ 
65 
qT 


Two boards can be used effectively show- 
ing the tens on one board and the ones on 
the other. Then some of the ones can be 
used to make a ten. This procedure will en- 
able children to “‘discover’’ that 2 tens and 7 
plus 3 tens and 8 is the same as 6 tens and 5. 


Subtraction 


Subtraction is an operation which sep- 
arates a given group into 2 or more sub- 
groups and is usually taught first as a “‘take- 
away” operation, the opposite of the addi- 
tion operation. If we wish to find the num- 
ber of discs remaining after we have taken 
3 discs from a group of 9 discs we first pic- 
ture 9 discs on the hundred-board. When 3 
of these are removed, one at a time, students 
should be encouraged to do so from right to 
left removing first the ninth one, then the 
eighth one, and then the seventh one. This 
backward operation will suggest a move- 
ment to the left along a number track . . - 
and that’s the basic idea of “take-away sub- 
traction.” 
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Should we want to know the remainder 
when 5 things are taken from a group of 12 
things we picture first the 12 things on the 
board. Children will see that the taking 
away operation (the 5 steps backward) will 
result in a remainder which is less than 10 
They will first remove the 2 things on the 
second row and then move into the top row 
and take some from the group of 10. 
12-—5=? 

The same reasoning is applicable when 
we perform compound subtraction. To 
illustrate further let us subtract 8 from 23. 
First we fill in 2 complete rows and place 3 
items on the third row to make 23. We start 
removing 8 of these one-by-one—we take 
off the 3 and then move into the group of 
10 to get 5 more (3+5=8). There will be 
only 15 left. 

The solution of more difficult compound 
subtraction examples involving two digits 
illustrates the principle of reading and think- 
ing from “‘left to right.’” Should we want to 
show the example 


we would first show 72 items on the hun- 
dred-board. From these we are to remove 
35. We will first take off 3 groups of 10 and 
then will take 5 ones. We take off the 2 
single items and then take 3 more (enough 
to make 5) from one of the groups of 10. 
The final result is 37 and the algorism which 
will illustrate the thought pattern is as fol- 
lows: 


72 10 10 10 
- 35 10 10 10 


Multiplication 


If the addends of an addition example are 
equal then the example can be solved by 
the operation called multiplication. Should 
we wish to add three groups of 2 we picture 
them as follows on the hundred-board: 
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xX X X 
xX X X 


We discover that when we regroup these 
items they will fill up the first 6 places. Thus 
3 twos equal 6. These can also be shown 
with numbers after the result has been ob- 
tained—the numbered discs can be placed 
two on each row so that the numbers show 
1 and 2, 3 and 4, and 5 and 6 on the three 


rows. 


To show that 4 threes are 12 we arrange 
four rows of three discs and then regroup 
them to form sets of 10, if possible. There 
will be one set of 10 with 2 remaining. Thus 
4X3=12. When numbered discs are used 
to show the representation of 4 threes the 
numbers will form the following pattern: 


(2) @ 
©& 
(7) (8) 
ad 


Children should become aware of the fact 
that the numbers in the last column are the 
‘threes’ facts” representing the products in 
the table of threes. 

To show that 3 sixes are 18 we first put 6 
discs on each of the first 3 rows. Now we re- 
group them to form sets of 10. In doing this 
we discover that there will be one set of 10 
with 8 remaining. Thus 3X6=18. When the 
single discs are moved to fill in rows there 
are Many ways in which this can be done— 
there is no particular “‘best’’ procedure. 
Again, when these discs are shown as num- 
bered discs the numbers in the last column 
represent the products when 6 is the multi- 
plicand. 1X6=6, 2X6=12, 3X6=18, ete. 
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A hundred-board, with the addition of a 
few duplicate numbers, can be used to de- 
velop and display alli of the multiplication 
facts and at the same time provide the op- 
portunity for children to learn how to read 
tables. To do this, leave the first block of 
the hundred-board empty and hang all the 
numbers from 1 to 9 in the first row (9 will 
be in the place usually occupied by 10). 
Also, still leaving the first block empty, 
hang numbers from 1 to 9 in the first col- 
umn. Now in the cells formed by the rows 
and columns hang numbers which repre- 
sent the product of the two numbers which 
head the row and column. Thus in the cell 
of the row headed 4 and the column headed 
7 put the number 28. Likewise in the cell of 
the row headed 7 and the column headed 4 
put another 28. No other 28s are needed in 
the table. However, there are some num- 
bers which appear more than twice as prod- 
ucts within the table, namely, 8, 16, and 24. 


1231445 61718 9 
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Inasmuch as we have already shown ways 
to solve subtraction examples on the hun- 
dred-board, then division, which is also a 
separating or subtracting operation can also 
be illustrated thereon. There are two con- 
cepts of the division process, the measure- 
ment concept and the part-taking concept. 
We will first illustrate the measurement 
concept which asks one to find the number 
of groups when we know the size of the 
group (the multiplicand). An illustration of 
this idea is the question which asks how 


many groups of 2 can be formed from a 
group of 8. We begin with the dividend 8 
and show that many things on the board. 
Now we remove 2 of these things and place 
them in a group elsewhere on the board. 
Then we repeat the operation with 2 more, 
and again 2 more until they have all been 
regrouped into sets of 2. We have discovered 
that 4 groups of 2 can be formed from a 
group of 8. 


/ 


No 


The example 16+3 asks us to find the 
number of groups of 3 objects which can be 
formed from a group of 16 objects. We il- 
lustrate 16 objects on the board and then 
pick them off in sets of 3. We discover 5 sets 
of 3 objects with 1 object left over or re- 
maining. 

The example 97+8 asks us to find the 
number of groups of 8 which can be formed 
from 97. Since the size of the sub-set is quite 
large and would require much tedious han- 
dling of objects we suggest the use of rubber 
bands, string, ribbons, etc. to encircle the 
group. We circle 8, then circle 8 more, etc. 
until all possible groups of 8 have been 
formed. We will discover that there are 12 
groups of 8 in 97 and 1 item remaining. 


The partitioning aspect of division asks us 
to find the size of each sub-group when the 
number of groups is known. For instance, 
6+3 might ask us to find the number of 
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items in each group if 6 items are divided 
into 3 equal groups. We show 6 items on the 
board and then remove 1 at a time placing 1 
in each of 3 different groups. ‘“‘We put 1 
here, 1 there, and 1 over there.” Then we re- 
move 1 more and 1 more and 1 more until 
they are all used up. Since we are trying to 
regroup into sets of the same size we must 
always put the same number in each of the 
sub-groups. In 6 there are 2 in each of 3 
groups. 

17+5 asks us to distribute 17 things 
equally among 5 people. We arrange 17 
items on the hundred-board and then pick 
them off 1 at a time putting one in each of 5 
different places. Now we do the same thing 
again putting one in each of 5 different 
places, then we do it again. Now we see 
that there are not enough to go around again 
so we have learned that there will be 3 in 
each of the 5 groups with 2 items remaining. 

After some experience with the simpler 
problems students will see that it is possible 
to remove more than 1 at a time—they 
could put 5 in each sub-group if they had to 
divide 37 by 6 and they could put as many 
as 10 in each sub-set if they were to divide 59 
into 5 equal parts. 


Fractions 


The relationships inherent in both com- 
mon and decimal fractions can be exhibited 
on the hundred-board. By the use of elastic 
ribbons it is easy to show that 1/2=2/4, 
that 1/2=50/100, that 25/100=1/4, that 
1/5=20/100, etc. Also that 1/10 is equiva- 
lent to 10/100 and that 3/10 is equivalent to 
30/100. If the whole board represents 
unity or 100% then each square represents 1 
out of the 100 or 1% and is useful in show- 
ing the common fraction and per cent equiv- 
alents. The board will be useful for reveal- 
ing that 1/8 of 100 blocks represents 123 
little blocks. Since each block represents 1 
out of 100 or 1% of the whole, then 1/8 is 
equivalent to 123%. 

One column represents 1/10 or .1 of the 


whole board and 6 rows or 6 columns repre-— 


sents 6/10 of the board or .6 of it. Forty- 
three of the little blocks represent 43 of the 
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100 blocks or 43 hundredths of the whole. 
Thus were we to compare .4 with .43 we see 
that the .43 is larger than .4 by 3 little 
blocks or by .03 (3 hundredths). The 
board is a helpful adjunct in teaching the 
meaning of and the relative sizes of common 
and decimal fractions whose values lie be- 
tween 0 and 1. 

There are numerous other uses for the 
hundred-board which will be discovered by 
the teacher who uses one. 


Eprror’s Norte. Dr. Volpel’s “hundred-board” 
has many uses. Many people have used such a de- 
vice for percentage but have not explored all the 
ideas he has presented. Perhaps he is right when he 
says it is the most valuable piece of equipment for 
enhancing the teaching of arithmetic. As with other 
devices, it is the way in which an item is used to 
foster discovery, understanding, and learning that 
makes it valuable. Teachers will see possible varia- 
tions of design and construction and more values 
will be discovered as the use of the board becomes 
more common. Devices are valuable in leading 
children to sense the objective background for the 
learnings which later should become more abstract. 


Postage Stamps and Arithmetic 


A stamp collection, even a small one, may 
be a valuable source in connection with the 
study of arithmetic. Look for numerals that 
differ from ours—on the stamps of Lebanon, 
Pakistan, and Burma for example. An Ital- 
ian stamp, commemorating the anniversary 
of Volta’s invention of the galvanic battery, 
has the numerals MDCCIC and MCMIL. 
A few stamps have been issued in honor of 


mathematicians as the Greek series (G. 


124M) in honor of Pythagoras. In 1959, 
Japan brought out a special stamp in honor 
of the formal adoption of the metric system 
in that country. It carries the numeral 10 
with scales, a beaker, and a tape line to 
illustrate the measurement of weight, ca- 
pacity and distance. 


) 
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The Dual Progress Plan in the 
Elementary School 


GLEN HEATHERS 


School of Education, 
New York University, N. Y. 


T THE RECENT MEETING of the National 
Council of Teachers of Mathematics 
held in New York City,* one elementary 
school panel dealt with the problem of pro- 
viding better instruction in mathematics to 
gifted students. Thus far, most attempts to 
meet the needs of gifted students have de- 
pended upon horizontal enrichment. A dif- 
ficulty has been that most elementary teach- 
ers lack sufficient knowledge of mathematics 
to make enrichment programs successful. 
The mathematics preparation of elementary 
school teachers must be improved. 

Equally important is the need for a new 
basic program in elementary-school mathe- 
matics that is appropriate to the needs of 
all students—the slow, the average and 
the gifted. Enrichment offerings and special 
classes for the gifted are at best piecemeal 
solutions. 

The “dual progress plan’ devised by 
George D. Stoddard, Dean of New York 
University’s School of Education attracted 
interest at the panel referred to above. This 
plan is offered as a way of remedying the 
major shortcomings of current mathematics 
instruction in the elementary school. 


Specialist mathematics teachers 
for elementary schools 


It is a well-established fact that most 
common-branches teachers in the elemen- 
tary school know very little about mathe- 
matics beyond the facts and tool skills of 
simple arithmetic. This forces them to rely 
unduly on texts and teachers’ manuals. It 
prevents them from adapting their instruc- 
tion effectively to the learning needs of in- 
dividual students. Also, a good many com- 


* Christmas Meeting, December, 1959. 


AND 


Morris Pincus 


Public School 194, 
Brooklyn, N. Y. 


mon-branches teachers dislike mathematics 
and as a result are incapable of inspiring 
their students with enthusiasm for the sub- 
ject. 

The dual progress plan, in common with 
other plans that departmentalize instruc- 
tion, deals with this problem by having all 
mathematics in the elementary school 
taught by full-time specialist teachers. These 
specialists are selected from the ranks of ele- 
mentary school teachers on the bases of 
their knowledge of mathematics and their 
interest in teaching it. No longer are there 
fourth-grade or fifth-grade teachers who 
teach arithmetic as just one of several sub- 
jects they must cover. Instead, the new 
plan calls for specialists whose knowledge of 
mathematics, and whose understanding of 
young children and how to teach them, 
qualifies them to teach all levels of mathe- 
matics that can be taught in the elementary 
school. 


Nongraded advancement in ele- 
mentary school mathematics 


A second major shortcoming of the usual 
programs for teaching mathematics in the 
elementary school is the fact that students 
who differ greatly in their capacities to ad- 
vance in the subject are held to the same 
rate of advancement through the curricular 
sequence. In the lock-step of the grade- 
level curriculum, both slow and gifted stu- 
dents in a given grade are offered the same 
segment of the curriculum as the year’s 
work. The slow learner struggles and fails 
under the pressure to maintain grade level. 
The gifted student either learns patience or 
suffers boredom as he waits for the slower 
students to catch up with him, even though 
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he may be kept busy with ‘‘enrichment ex- 
periences”’ offered at his grade level. 

The dual progress plan offers a solution by 
replacing the grade-level curriculum in 
mathematics with a nongraded program in 
which all students advance along the se- 
quence of understandings and skills at rates 
that are suited to their individual learning 
capacities. In the new plan, there are no 
grade-level demands or grade-level restric- 
tions. Slow learners are permitted to pro- 
gress more slowly than the pace called for in 
the usual grade-level curriculum. They are 
given sufficient time to master a topic be- 
fore moving on to the next. Gifted students, 
freed from the barriers set up by the grade- 
level course of study, may now learn in a 
single year the understandings and skills 
that slower students may require two or 
more years to master. 

For nongraded instruction, students are 
assigned to classes whose members are at the 
same general level of advancement in the 
subject and have about equal abilities to 
advance further in the subject. Students are 
assigned to these classes without regard to 
grade placement. Crossing the usual age 
lines occurs whenever the student’s level of 
advancement in mathematics places him be- 
hind, or ahead of, other students of his age. 


The organization of instruction 
in the dual progress plan 


A brief description of the total dual prog- 
ress plan is needed to show the general 
framework within which mathematics teach- 
ing is conducted. In the plan, students ad- 
vance in different curricular areas along 
two tracks, which is why it is called the 
“dual progress plan.’ The usual grade sys- 
tem applies to language arts, social studies, 
and physical education. Students are 
grouped into grade-level classes in language 
arts—social studies and receive two hours of 
instruction in this “core” area each day. 
The same classes have a period of physical 
education each day. 

The nongraded system applies to mathe- 
matics, science, art and crafts, and music. 
Students receive forty minutes of instruc- 


tion daily in mathematics and science, and 
forty minutes on alternate days in art and 
crafts, and in music. 

In the new plan, all teachers specialize in 
teaching the subjects they know best and 
like best to teach. “Core”? teachers conduct 
two two-hour classes in language arts— 
social studies each day. Physical education 
specialists teach a succession of 30-minute 
classes each day. Teachers of mathematics, 
science, art and crafts, and music teach five 
or six 40-minute classes each day. Except 
for replacements, all specialist teachers are 
drawn from the regular elementary school 
staff. 

Currently, the dual progress plan is being 
tested in a three-year co-operative study in- 
volving the new Experimental Teaching 
Center at New York University and the 
school systems of Long Beach, Long Island, 
and Ossining, Westchester County, New 
York. The study is financed by a grant from 
the Ford Foundation. All students in grades 
three through six in the two school systems 
are included in the study. The Experi- 
mental ‘Teaching Center is chiefly responsi- 
ble for the research evaluation of the plan. 


Preparing teachers to specialize 
in mathematics within 
the new plan 


Some of today’s common-branches teach- 
ers are better prepared to teach mathe- 
matics than others. It is safe to assume that, 
when an elementary school assigns all the 
teaching of mathematics to those members 
of its staff who know the subject best, and 
who wish to specialize in teaching it, the 
overall quality of mathematics teaching im- 
mediately improves. However, specialist 
teachers selected in this way need a good 
deal of further preparation for the job of 
teaching the full range of understandings 
and skills that may be taught in the ele- 
mentary school. A major advantage of the 
dual progress plan is that it frees teachers 
to concentrate their in-service preparation 
in just one curricular area. And it encour- 
ages them to take further university courses 
in their chosen field. 
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In future, if specialist teaching of mathe- 
matics in the elementary school is adopted 
by school systems, schools of education may 
establish programs that prepare teachers 
specifically for this role. It is likely that such 
a teacher-education program would attract 
to elementary schools many able students, 
men as well as women, who now shy away 
because they do not wish to teach the vari- 
ety of subjects required of the common- 
branches teacher. A program to train spe- 
cialist teachers of mathematics for elemen- 
tary schools should include a college major 
in mathematics as well as the needed course 
work in educational philosophy, educa- 
tional psychology, child development, school 
organization and curriculum, teaching 
methods, and so on. 


Conducting nongraded mathe- 
matics instruction in the 
elementary school 


The dual progress plan calds for a single 
course of study in mathematics to guide the 
instruction of all students taught under the 
plan. While they are taught the same under- 
standings and skills as gifted students, 
slower learners will advance less rapidly 
along the curricular sequence and will not 
advance as far during grade school as more 
gifted students. The new plan does not re- 
quire the slower learner to reach any given 
level of advancement in mathematics dur- 
ing any given year, or before entering jun- 
ior high school. Promotion does not depend 
on progress in mathematics, but only on 
progress in the language arts—social studies 
area. Freed of grade-level barriers under the 
new plan, some gifted students will progress 
to levels of advancement in mathematics 
usually taught in senior high school. 

While the same curricular sequence is of- 
fered to both slow and rapid learners, and 
while both groups of students are required to 
master each learning task before proceeding 
to the next, it is obvious that there will be 
differences in how fully the two groups learn 
each task. Gifted students will obtain a more 
abstract understanding of the topic, and will 
be more facile in applying their knowledge 
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of the topic to other areas of mathematics, 
Also they will be more capable of utilizing 
their knowledge of mathematics in new 
problem situations. 

In teaching mathematics to any non- 
graded class, the teacher is challenged to in- 
dividualize his instruction to meet the needs 
of different members of the class. The pur- 
pose of nongraded ability grouping is to 

-make individualization of instruction easier 
to accomplish. Specialist teaching of mathe- 
matics should contribute greatly to indi- 
vidualization. When a teacher knows his 
subject well, and likes to teach it, he is pre- 
pared to give the expert attention to indi- 
vidual students that is needed if they are to 
realize their potentialities for learning. 


Answers to critics of nongraded 
instruction by specialist 
teachers 


Educators favoring the self-contained 
classroom have criticized the dual progress 
plan, claiming that it fosters ‘‘subject- 
centered” rather than ‘“‘child-centered” 
teaching, slights the needs of the ‘‘whole 
child,” and prevents the “integration of 
learning experiences” involving different 
areas of the curriculum. The first of these 
criticisms appears to be based on the as- 
sumption that a teacher who is expert in 
his subject will, because he is an expert, ig- 
nore the needs of his students as developing 
individuals. The opposite is likely to be the 
case. How can the teacher who neither un- 
derstands nor likes mathematics meet his 
students’ needs for learning the subject? It 
is the mathematics specialist who, knowing 
and liking his subject, is most free to concen- 
trate his teaching on meeting the needs of 
individual children. It should not be forgot- 
ten that proponents of the self-contained 
classroom do not object to specialist teachers 
in art, music, physical education, and reme- 
dial reading. Why do their objections to 
specialization in the elementary school ap- 
ply only to mathematics and science? 

The notion that the specialist teacher ig- 
nores the “whole child” by teaching him 
just one subject implies that one can teach a 
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part of a child. Actually, when a student re- 
sponds to any learning situation, he responds 
as a total person. There is no part of him set 
aside for mathematics, with other parts set 
aside for science, or English, or social 
studies. True, any departmentalized pro- 
eram presents the need for a child’s teachers 
to consult with each other about the child’s 
progress and problems. Special provisions 
are needed to insure that the child’s total 
program is reviewed frequently. 

The integration of learning experiences 
involving different areas of subject matter 
may be accomplished by the specialist 
teacher provided he has an interest in relat- 
ing his curricular area to the solution of 
problems of living. Very often he can ac- 
complish such integration better than the 
common-branches teacher since he knows 
his subject better and knows better how to 
apply knowledge of the subject in various 
situations. Many of these situations will call 
for relating mathematics to science or to 
social studies. 

How well students learn in each curricular 
area with the new opportunities provided 
by the dual progress plan is being deter- 
mined in the research study of the plan. The 
research test is not slighting the emotional 
and social needs of students as developing 
individuals. The new plan will be judged 
successful only if it is found to provide ade- 
quately for meeting these vital personality 
needs at the same time it provides for the 
intellectual advancement of students in ac- 
cordance with their learning potentialities. 
Also, the research test will determine 
whether the plan’s provisions for specialist 
teaching result in better qualified and more 
satisfied teachers. 


Epiror’s Nore. Here indeed is an interesting de- 
parture from the usual school program. It places 
mathematics and science in the area of special 
study along with art and music. Pupils are pro- 
moted, in the usual sense, in terms of the ‘‘core’’ of 
social studies and language arts. They proceed at 
their own optimum rates through the subject mat- 
ter of mathematics without regard for the normal 
grade-level standards. Here then is a combination 
of graded and ungraded school. Isn’t this in essence 
what many schools are doing without openly ad- 


mitting it? The procedures may differ and emphasis 
may be different from one school to another but 
many schools have found it desirable to establish 
rather elastic standards for certain of their pupils. 
The actual arrangement is less important than the 
ideal to have each pupil progress at his own best 
rate. Of course there are many school people who 
will insist that the ‘“‘peer group’? must be main- 
tained. But what is a “‘peer group”? Peer in what 
respect? Who is to say that chronological age has 
more “‘peer status” than mental age or social so- 
phistication? As one not-so-young observer of the 
educational scene remarked, “‘Let’s quit listening 
to the highbinders and get on with the job of teach- 
ing children.” 


A Puzzle for Any Age 


The following sequence will provide a 
person’s age and his month and date of 
birth. Try it. Write down the number of the 
day on which you were born (20, for April 
20); multiply this by 2; add 3 to the prod- 
uct; multiply this by 50 and then add the 
number of the month (4 for April) of birth. 
Next add 5, then multiply by 100 and finally 
add your age in years. From this number 
subtract 15500. The last two digits will be 
your age in years, the next two to the left will 
give the number of the month, and the next 
one or two to the left will be the day of the 
month in which you were born. Try it on a 
friend and then use it with some pupils. 
This will give some computational practice 
in an interesting setting. 


Dozens and Dozens 
Is there any difference between a half 
dozen dozen and six dozen dozen? Try it. 
Squares 


Show how you can cover half of a square 
two feet on each side and still have a square 
that is two feet from top to bottom and two 
feet across. 
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Arithmetic and “Block Work’’ in 
Primary Grades 


Lois V. Jounson, Los Angeles State College 
AND 


Avis S. WuippLe, Los Angeles City Schools 


RITHMETIC AND THE CONTENT FIELDS are 
A frequently used in a mutually sup- 
porting relationship in the middle and 
upper grades. Arithmetic is used when it is 
needed in the social studies or science class, 
and vice versa. The content fields and arith- 
metic complement each other to the benefit 
of the children’s understandings of both 
arithmetic and the content field. This is in 
accord with a major objective of arithmetic 
that children should be sensitive to number 
whenever and wherever it occurs and that 
they should develop the habit of using num- 
ber effectively in such situations. * 

In the early primary grades the block 
work periods offer comparable opportu- 
nities for integrated learnings. In general, 
there has been little recognition of the 
many naturally occurring situations in 
block work for the teaching of number con- 
cepts and arithmetical understandings. 
While social studies, language development, 
and social learnings are frequently cited 
values, the number learnings are less recog- 
nized. 


The Nature of Block Work 


What is block work and how is it taught? 
Typically the focus for the unit study is the 
community and the children’s immediate 
environment. Most of the floor space of the 
classroom is used by groups of children who 
are busily constructing their chosen part of 
the community—a home, a store, garage, 
airport, hospital, etc. As the children gain 
experience and information about the com- 

* National Society for the Study of Education, 
The Teaching of Arithmetic, The Fiftieth Yearbook, 


Part II. Chicago, Illinois: The University of Chi- 
cago Press, 1951. P. 7. 
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munity, the individual buildings and their 
relationships become more complex and 
more closely resemble the real community. 

The blocks used in primary grades are of 
solid wood, in contrast to the hollow wooden 
blocks of the kindergarten and pre-school. 
The smooth solid blocks come in a variety 
of sizes and shapes which involve number 
vocabulary and some understanding of 
numbers. The teacher and children refer 
to the blocks by names, such as “long 
blocks,”’ “‘half blocks,’ and ‘‘triangles.” 

Valuable number learnings may _ be 
taught while retaining the techniques which 
have already proved effective in teaching 
block work. While no basic changes in 
teaching are needed, there is a need—and 
that is for teachers who are alert to the in- 
herent number opportunities. It will then be 
possible to use block work in achieving 
some of the purposes in the arithmetic pro- 
gram. 


The purposes include: 


1. NUMBER READINESS. 


Mike had built the corral fence with a 
series of small long blocks. Realizing that 
he would need the same number of blocks 
when he built the fence again, Mike decided 
to remember the total number. He counted 
quietly to himself, “Two, four, six, ....” 

The teacher asked, “How many, Mike?” 
When he answered with the total, she con- 
tinued, ““How many two’s is that?” 

“Hunh?” said Mike. many two’s 
—Oh, sure!” and as he proceeded to count 
his groups of two fence rails, Mike had 
moved a step toward readiness for a new 
process. 
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2. NEW USES OR APPLICATIONS FOR PRESENT 
NUMBER UNDERSTANDINGS. 


The first grade had discussed one and one- 
half and had manipulated bright felt circles 
on the flannelboard. A short time later 
Janis was making a wall. She did not have 
enough long blocks, so she was fitting half- 
blocks in the place of the long blocks which 
she preferred. As she worked she was mum- 
bling half audibly, “Half... an’ half... 
an’ a long... Boy! this’s the same. Boy! 
half-half an’ one.” 


3. NEW CONCEPTS. 


Phillip, bracing the roof of his gas station 
with cylindrical blocks, said, “These big, 
fat posts sure hold it up.” 

The teacher, who was watching him and 
listening, said, ‘‘Yes, the posts are strong. 
If you were using them for a storage tank 
for gasoline, would you call them Posts?” 

Phillip sat back on his heels and slowly 
said, ‘*No,—but I don’t know what.”’ 

“What is different when you use this 
block,” pointing to a post, “‘as a storage 
tank?” 

“Oh, yeah! What it holds.” 


4. NUMBER VOCABULARY. 


The preceding illustrations have shown 
how number vocabulary is developed and 
used in the process of children’s work with 
block building. Vocabulary that is devel- 


The variety of sizes and shapes of the blocks leads 
to growth of number vocabulary. 
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oped meaningfully and used accurately 
serves in the immediate situation and as a 
foundation for later arithmetic experiences. 


Number Situations with Blocks 


What kinds of number situations arise in 
block work? What are some number under- 
standings and skills that can be taught? The 
following examples from classrooms will 
indicate some specific answers to these 
questions and, it is hoped, may stimulate 
teachers to other applications in their own 
teaching and with their own classes. 


CouNTING 


One of the first problems that arises in 
block work is, ‘How many blocks should 
each person carry?” Many children are 
simultaneously taking the blocks from their 
storage place on shelves or in cupboards and 
are Carrying them to the chosen work space 
on the floor. Anxious to have enough blocks 
for their building, the children try to carry 
large armfuls of the slippery and unwieldy 
blocks. The teacher stops the activity and 
discusses with the children how many blocks 
to carry. “One” and “‘two”’ take on added 
significance with relation to size when the 
decision is made that ‘fone long-block or 
two of other kinds is a load.” 

Jean had carefully lined up the blocks for 
one wall of the structure she was making 
and she was ready to build the opposite 
wall. The question she faced was, ““How 
many will it take for the other side?”’ She 
counted the first wall and built a matching 
one. Similar counting and matching situa- 
tions occur frequently for both height and 
length. 


HEIGHT 


As the buildings take form, problems of 
height occur. The teacher and the class 
discuss, ‘‘How high should the walls be for 
our house?’ They decide that five blocks 
high is high enough to be satisfying but not 
unstable nor apt to fall easily. Before long 
the children so easily estimate “‘five blocks 
high” that few comments about it are heard. 
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At another work period it was agreed 
that some buildings, because of their func- 
tions, needed to be higher. A lighthouse at 
the harbor or a control tower at the airport 
were buildings that must exceed the build- 
ing code of “five blocks high.” 

Another problem involving height is that 
of the placement of windows in the building. 
At first it is common for the children to 
build the walls with four solid rows of blocks 
and to leave spaces for windows in the top 
row of blocks. 

“Can people see out of the windows in 
their house?”’ asks the teacher. 

*“No! No, the people can’t see out.” 

The teacher continues, “How high should 
the windows be? How can we decide how 
high the windows should be?” 

The children measure with the figures 
representing people and then decide that 
the windows should begin in the second row. 


“How high should the windows be? Can our 
people see out?” 


WipTH 


Width is another measurement concept 
which is developed in block work. “‘Is the 
door in your garage wide enough for the 
truck to go through?” the teacher wonders. 
Victor and Juan agree that it is not wide 
enough and that they must make some 
changes. They decide that the use of fourth- 


blocks in place of half-blocks will widen the 
doorway. 


AREA 


Other estimates of size are made in situa- 
tions involving area. Attention is directed to 
the relative areas used in building parts of 
the airport by questions, “Is the landing 
field large enough for all of our airplanes?” 
‘Should the hangar and the landing field be 
the same size? Which should be larger? 
Which should be smaller?” 

When one group of children was building 
a house, the teacher inquired, “Are the 
rooms in the house large enough for the 
furniture? Is there room for the furniture 
and for the people to move around?” 

The area which each group uses in the 
classroom is another problem. One day a 
committee was building the railway station 
and extended the railroad tracks into the 
areas where other groups were building. A 
few sharp protests showed that the class was 
dissatisfied with this behavior. The resulting 
discussion worked out solutions for the use 
of floor area. The decisions reached were 
that each group should build within its own 
floor space and not infringe upon that of 
others without their consent. It was further 
agreed that not all buildings required the 
same area~—some needed more while others 


needed less. 


FRACTIONS 


Long blocks are preferred by the chil- 
dren wherever they can be used. However, 
when the supply of long blocks in the cup- 
board is exhausted, they must substitute 
with enough shorter blocks to equal the de- 
sired lenzth. The children quickly learn that 
two half-blocks will equal one long-block, 
but they are slower to substitute the fourth- 
blocks. Because a roof is best made with 
long blocks, the children take the long 
blocks from the walls and replace them with 
half-blocks or fourth-blocks. If there are still 
not enough long blocks to complete the 
roof, the children trade for the needed 
blocks. In the exchange the children decide 
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the correct number of half-blocks and 
fourth-blocks that are equal to the desired 
number of long blocks. 


ORDINAL AND CARDINAL NUMBERS 


Both ordinal and cardinal numbers are 
used as the block work progresses and the 
children gain understanding of them with 
ease. An example of ordinal counting, in 
which number names are used to arrange 
objects in order or to identify their place in 
a series, is, “*What kind of blocks shall we 
use in the first row? In the second row?” The 
use of number names in serial order to find 
the total number, which is cardinal count- 
ing, is used in such situations as, ‘‘How 
many posts have we used in this side of the 
fence? Let’s count: one, two, three, etc.” 

Block work in the primary grades pro- 
vides children with opportunities to use in 
new situations the number understandings 
which they already possess, to develop new 


understandings, and to increase a func- 
tional number vocabulary. The integration 
of number learnings with unit work strength- 
ens children’s arithmetical understandings, 
makes them sensitive to number in social 
situations, and develops the habit of using 
numbers in such situations. Primary teach- 
ers find many opportunities in the course of 
the usual block work to integrate number 
with other content fields. 


Eprror’s Nore. In most types of “activity work” 
with pupils the arithmetical values depend in large 
measure upon the discernment of the teacher and 
the way in which she asks questions and leads the 
thinking of the individuals in the group. In the 
modern school this activity serves a real educational 
purpose which is very different from the pretty 
birds and flowers that primary-grade children 
stitched some thirty years ago. Concepts of size and 
shape and of “‘fitting together’? as well as many 
ideas of number can be found in many construc- 
tions with blocks such as are used in Los Angeles. 
Let us keep our eyes on the goals for arithmetic as 
well as on the social factors and the learning to ad- 
just. As the authors say, “‘to integrate number with 
other content fields.” 


Council Resources for Arithmetic Teachers 


Harowp P. Fawcertr* 
Ohio State University, Columbus 


5 Neesiiga THE COLUMNS of this Journal I 
wish to speak to those who teach 
arithmetic. I welcome this opportunity for 
it is my considered judgment that the qual- 
ity of instruction in arithmetic is in large 
measure responsible for choices made in 
later years when mathematics becomes an 
elective. It is in the elementary school that 


* Dr. Fawcett is president of the National Coun- 
cil of Teachers of Mathematics. 


students are first introduced in an informal 
manner to mathematical concepts and one 
of the purposes of the National Council of 
Teachers of Mathematics is to serve its 
members in such a manner as to improve 
the quality of this initial introduction. One 
measure of the degree to which the Council 
is achieving this important purpose is the 
extent to which its facilities are used by 
those who direct the activities of the arith- 
metic classroom. 
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When a child walks into your class at 
whatever level of development, he brings 
with him some understanding of a number 
of mathematical concepts. Your responsi- 
bility as a teacher is to nourish the healthy 
growth of these concepts and to introduce 
him to others which may be needed in the 
building of mathematical structure. The 
natural numbers, for example, seem to 
satisfy his needs where counting only is in- 
volved but the concept of number must be 
extended to handle situations which call 
for measurement. The need for fractions is 
thus recognized, a need which is further 
emphasized as the student is guided to dis- 
cover the significant fact that the operation 
of division is not always possible in a num- 
ber system which includes the natural 
numbers only. The extension of the num- 
ber concept to include fractions removes this 
limitation and the further extension of the 
concept to include the signed number makes 
subtraction always possible. 

The preceding illustrations reflect what 
is meant by the growth of a mathematical 
idea and to provide for this kind of continu- 
ity is to emphasize the structure of mathe- 
matics, to involve students in the building 
of this structure and to encourage creative 
learning. It is this emphasis which is con- 
stantly reflected in the splendid articles of 
THe AriTHMETIC TEACHER. It is this 
thread of continuity which unifies the ideas 
in the three yearbooks of the Council, Nos. 
10, 16, and 25,! which are devoted entirely 
to the teaching of arithmetic. The mathe- 
matics curriculum for kindergarten through 
grade 12 is, in fact, developed around se- 
lected continuing themes, all of which are 
defined in the 24th Yearbook under the 
suggestive title ““The Growth of Mathe- 


1 Yearbook No. 25 will be available by April, 
1960. 


matical Ideas.” Are you familiar with 
these ideas? Are you teaching arithmetic so 
as to promote their steady and continuous 
growth? Helpful teaching procedures for 
all levels of instruction are suggested in the 
24th Yearbook and there is perhaps no 
other publication of the Council which 
more clearly defines the very significant 
role of the elementary teacher in the growth 
of understandings associated with mathe- 
matical structure. The services of the Coun- 
cil are planned to help you meet this im- 
portant responsibility. 

In addition to the Yearbooks and the 
three Journals, which include THe Marue- 
MATICS TEACHER and THE MATHEMATICS 
STUDENT JOURNAL, some of our smaller pub- 
lications would be especially helpful. What, 
for example, is 2? Is it a name given to the 
cardinal number of a group or is it a posi- 
tion on the number scale? Perhaps it is the 
value of ‘‘a” in the rational number ‘‘a/b” 
or it might be the value of the repeating 
decimal 1.9999999999 ... and on to in- 
finity. On the other hand it could be a 
short method of writing the complex num- 
2+0i. If you, then, are asked the appar- 
ently simple question ‘‘What is 2?” the 
nature of your response will depend on the 
extent of your vision down the long con- 
tinuum of the growing concept of number. 
The answer of Lawrence A. Ringenberg in 
his delightful little pamphlet entitled “A 
Portrait of 2” is the answer of a man who 
fully appreciates the rich significance of the 
oft quoted statement that “The perfected 
number system is, in many respects, the 
greatest achievement of the human race.” 
This attractive pamphlet is but one of our 
smaller publications which will be helpful 
and stimulating to you. Others may be 
equally helpful as you guide your students 
in the growth of ideas leading to mathe- 
matical maturity. 
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Challenging the Rapid Learner 


A. N. SCHWARTZ 
New York State College of Education, Plattsburgh 


SCHOOL TEACHERS have 
been charged with the problem of 
further developing the gifted or talented 
child in arithmetic. This is an area in which 
many have done something but in which no 
one has done enough. The following sug- 
gestions are not offered as a panacea for the 
situation but as practical ideas that may be 
used and from which others may be de- 
veloped. In this way it is hoped an additional 
avenue will be opened for creative thinking 
in this area. It is intended that these sugges- 
tions will be beneficial to any teacher who 
in some way offers differentiated assign- 
ments for the more adept in arithmetic. 
These procedures should be of assistance in 
programs utilizing homogeneous sectioning, 
special teachers, sub-grouping, accelera- 
tion, or enrichment. 

At the pre-school level the talented child 
is challenged by showing off before adults, 
by his adeptness at counting, or dealing 
with simple processes. At the high school 
level students are frequently allowed to take 
additional or advanced courses. Sometimes 
they are allowed to start on the so-called col- 
lege level material. It is not the purpose of 
this article to argue the rightness or wrong- 
ness of the above practices but to show that 
tangible effort is being presented to the pub- 
lic and to emphasize that we do not do 
much that is comparable or recognizable 
at the elementary school level. It is the in- 
tent, however, to offer possibilities for chal- 
lenging the talents of children in the ele- 
mentary school. 

If the inductive method of presentation 
is used in general teaching, elementary 
teachers usually do a commendable job of 
challenging the talented youngsters in get- 
ting ideas and answers pertaining to the 
topic being initiated. After this phase all 


the youngsters are too frequently sent over 
the same obstacle course. Teachers often re- 
quire that the child with insight and mental 
adeptness place on paper the same algorisms 
as the slower learner rather than allowing 
him to skip steps after he has demonstrated 
understanding. In the “good old days” the 
reckoning of the talented was recognized, 
today teachers may be wrecking rather than 
recognizing this ability. 

The suggestions which follow allow the 
use of the same material that is offered by 
our basic texts and which is usually used to 
teach for what has been termed mediocrity. 
We certainly do not wish to rule out a basic 
series as this is extremely important in a 
planned sequence of learning. 

In the primary grades when children are 
expected to count by 3’s, for example, we 
are generally satisfied with the traditional 
3-6-9-12 approach. Why not have the rapid 
learner also count either 2-5-8 or 1-4-7? 


Shorter Methods of Computation 


In column addition of two place numbers 
as 


21 
36 
27 
43 


we can have children add 57, 84, 127 or zig- 
zag down 27, 57, 64, 84, 87, 127. All chil- 
dren, slow, average or rapid will work with 
the same material and arrive at the same 
answer but use different modes of approach. 
One may wish to start with an example in 
which the total of the right hand column 
totals less than ten or totals ten or more 
only when the last numerals are added. 
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Two three-digit numbers can be added in 
one operation and then expanded into add- 
ing a column of three digit numbers. After 
becoming proficient in the addition of two 
three digit numbers children quite naturally 
fall into doing the inverse, namely subtract- 
ing one three digit number from another. 

When multiplying a two digit number by 
a two digit number one may arrive at the 
answer by jotting down the units resulting 
from the product of the ones; any “‘carried”’ 
ten is added to the cross product of the ones 
and tens and placing the resultant tens in 
the tens’ place in the product; any “‘carried”’ 
hundreds are added to the product of the 
tens and then writing the result in the hun- 
dreds’ place or to the places to the left if the 
product is greater than nine. Example: 


23 


the product of 3 and 2 is 6, write 6; the sum 
of 2X2 (4) plus 4X3 (12) is 16 write the 6 
in the tens’ column; 2 X4 plus the “‘carried”’ 
one is 9, write the 9 in the hundreds’ col- 
umn. A more difficult example is 


87 
65 


5655 


think 35 write 5 remember the 3; think 40 
plus 42 plus 3 is 85 write 5 remember the 8; 
think 48 plus 8 write 56. The child should 
prove his answers in the normal way either 
by multiplication or by division. He should 
also be encouraged to figure out why and 
how this process works. There are special 
situations which will work more rapidly 
when multiplying by numbers ending with 
5 or when multiplying by a teen number 
should special students wish to delve further. 
The above will work in all situations, how- 
ever. If students have difficulty with the 
total mental process they may write down 
the partial products as they arrive at them. 
This will still allow a challenging variation. 
It should also point up the fact that algo- 


risms are merely crutches and we write 
only those steps which we cannot mentally 
retain. 

In doing processes like the above and the 
following, the teacher must not be concerned 
with the situation where the children may 
become more adept and rapid at arriving at 
solutions than he. To build up our ego we 
can as teachers write off this adroitness as 
the effect of practice rather than admit the 
child’s greater facility for a particular pro- 
cedure or even mathematics in general. 

When multiplying any number greater 
than two digits by eleven, imagine zeros at 
both ends of the multiplicand. Begin at the 
right and add each pair of digits in turn, 
together with any digit carried and write 
the results in the product. 


This Procedure May Be Extended 
to Other ‘“Teen’’ Numbers 


Example: 
2684 026840 
14 14 
37576 37576 


Think 4X4 (16) plus 0 to the right is 16, 
write the 6 “‘carry” the 1; 4X8 (32) plus 4 
to the right (36) plus “‘carried”’ 1 is 37, write 
the 7, remember the 3; 4X6 (24)+8-+3 is 
35, write 5, remember 3; 4X2+6-+3 is 17, 
write 7; 4X0+2+1 is 3, write 3. 

In so-called “‘long’’ division the pupils 
may write only the remainders in the par- 
tial product as an intermediate step toward 
the “‘short” division. Example: 


985 656 r10 
8)7880 53)34778 
—68 —297 
40 328 


When dealing with the division of a frac- 
tion by a fraction it is generally conceded 
that the gifted children are capable of arriv- 
ing at the reason for inversion of the divisor 
and teachers should work toward this end. 
There are several approaches to the situation 
and the teacher should have an acquaint- 
ance with all of them and rely on the group 
for the one that seems to yield the best re- 
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sults. After the children understand the con- 
cept of a proper fraction as a divisor and the 
reason for inversion, the following pro- 
cedure is suggested: In solving an algorism 
such as 5/6+2/3 the child should eliminate 
the inversion step and simply cross multiply 
using the dividend as the clue for numerator 
and divisor and arriving at 15/12o0r 1}. True 
this could be given to the average learner or 
even the slow learner through the rule and 
drill approach but it would be deemed very 
unadvisable. 

Another manner of dealing with special- 
ized situations involving fractions is fre- 
quently referred to as the “‘double and 
halve’ method with variations. It is usually 
used when multiplying a whole number by a 
fraction but can also be used when dealing 
with two whole numbers or two fractions. 
Examples: 


82X3}=41X7 
2} = or 11010 
66034 = 2209 
84X11=21X5. 


Here the children can do research or induc- 
tively develop rules governing when and if a 
number is divisible by certain numbers such 
as 2, 3, and 5. 


One Procedure Checks Another 


Some of the above processes either are a 
check for the regular work or the normal 
processes are a check on the special pro- 
cedures mentioned. Another method of 
checking which can be used by the rapid 
learner is the ‘“‘excess of nines’? method 
(frequently referred to as the casting out 9’s 
method). Any teacher who is not acquainted 
with this method should consult his high 
school mathematics teacher or some text on 
arithmetic or mathematics backgrounds for 
teachers. This check is fairly accurate but 
not infallible as it will not pick up transposi- 
tion errors or some compensatory combina- 
tions of nine. For the exceptionally talented 
the check by ‘‘excess of elevens’”” may be 
used. These checks function in all four basic 
processes. 


Another check that may be used for mul- 
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tiplication and division is the use of the slide 
rule. This is one device that not only out- 
wardly challenges those highly interested 
and competent in arithmetic but also sets 
the stage for demanding a much greater 
understanding of place value in our num- 
ber system. Slide rules which are adequate 
for this use may be purchased for as little 
as 50¢ each. Frequently rules may be bor- 
rowed in the community. If the child owns 
the rule he may proceed into more ad- 
vanced work such as the squaring of num- 
bers or of finding square root. 

The area of the historical aspects of the 
processes being studied should not be left 
out. The talented student should be en- 
couraged to find out how each process was 
evolved and be able to work with several of 
the older methods of computation. The lat- 
tice method of multiplication or the galley 
method of division are two that should pro- 
voke much interest, improve understanding, 
and challenge thinking. Parents may be 
used as resource people to show different 
ways of subtraction. The work that the tal- 
ented do in research in these older methods 
can well enhance the arithmetic program 
of the average and slower learner if the re- 
sults of research and study are ably presented 
to the total class. The major objective may 
be the improvement of interest for the total 
group rather than for understanding. This 
will also tend to tie the group more closely 
together and all will benefit from the efforts 
of several. The writing of story problems, to 
stimulate the thinking of either the rapid 
learner or of the total class, is an area that 
can utilize capabilities usually not touched. 
It also provides material which will supple- 
ment the basic series. 

In all of the processes mentioned the tal- 
ented child should be encouraged to do as 
much non pencil-and-paper work as possible 
and to take as many shortcuts as he can un- 
derstandingly explain. The talented child 
should, in estimating answers, be expected 
to work with less tolerance or deviation than 
would be expected in the normal program. 


(Concluded on p. 316) 
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The Abacus—A New Use for an Old Tool 


ARLENE NECHIN AND ROBERT BROWER 
Glencoe Public Schools, Glencoe, Ill. 


RE YOU LOOKING for an interesting ap- 
proach to the understanding of num- 
ber concepts? Does your class completely 
understand the use of the zero, place value, 
and what we mean when we say that our 
number system has a base of ten? How well 
do you, as a teacher, understand these con- 
cepts? How well can you put forth these 
ideas to your class? 

In our sixth grade class in Glencoe, IlIli- 
nois, several types of Oriental abaci were 
introduced. A short history of the abacus 
was presented to the children, followed by a 
demonstration and a discussion. We hoped 
at the time this was presented to stimulate 
from 6 to 10 children to the point where 
they would be interested in learning how 
to use the abacus themselves. At first the 
children worked with colored squares at 
their desks. We found a nucleus of children 
with keen interest in the abacus who consid- 
ered it a fascinating device with which to 
compute. What followed was an abacus 
club, which met during recess or any other 
free time the children could find. Many of 
the children made their own abaci. This can 
easily be accomplished with cigar boxes, 
string or wire and large beads. 

There were some interesting arithmetic 
activities taking place in class at this time. 
We found the children were having fun 
working arithmetic problems by themselves. 
They enjoyed racing with each other to see 
if they could work a problem faster on their 
abacus than their neighbor could on a piece 
of paper. They would get together at each 
others’ houses after school and on week ends 
and to the amazement of their parents 
would work arithmetic problems for hours. 
We then proceeded on to multiplication 
problems and several children even taught 
themselves how to divide on the abacus. 
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It should be made clear that our purpose 
was not to develop proficiency with the 
abacus. To a slight extent this came as a re- 
sult of the children’s own interest. We were 
much more concerned with the fascination 
the children showed for numbers and with 
the increase in arithmetic skills which re- 
sulted. Their repeated working with num- 
bers had a beneficial effect upon their speed 
of computation of the arithmetic com- 
binations on paper. They also gained new 
insight into the borrowing and carrying con- 
cepts of arithmetic. This in itself was suffi- 
cient to make the time spent with the abacus 
worthwhile. The greatest results were to de- 
velop later. 

It is difficult to appreciate the feelings 
these children had towards numbers and 
the above mentioned understandings with- 
out having the experience of using the 
abacus yourself and teaching its use to chil- 
dren. 

The natural interest of the children led to 
a further study of our number system. We 
took another look into our number system 
with its base of ten. We started with the 
number chart much the same as the chil- 
dren did in the primary grades (Figure 1). 
After a careful study of the number chart 
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Our NuMBER CHART—Base 10 
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the class made two significant generaliza- 
tions, the first being that each column is a 
multiple of the preceding column. In our 
number system it is a multiple of ten. The 
third column instead of being shown as 100 
could also be shown as 10X10. The fourth 
column, instead of 1000, could be 10X10 
X10. At this time we showed them how 
mathematicians preferred to write a num- 
ber repeatedly multiplied by itself, i.e., 
10? and 10%. The second generalization was 
an awareness that each column could only 
have nine symbols and that the presence of 
a tenth symbol would automatically place 
some value in the next column to the left. 
These were actually not new concepts to the 
children but through the use of the abacus 
they took on new meaning. We could then 
generalize the logic of our number system 
and replace the column heads of units, 10! 
10°, 10? with any symbol. Let us use X as 
the new symbol. The column heads would 
then be units, X', X*, X*, etc. This then is 
the formula that illustrates the logic of our 
number system. The children were capable 
of following this explanation. We then ap- 
plied the formula to another number base 
other than ten. We used the number base 
of two in class. To show how this would 
work let us apply the formula. In place of 
the A’s substitute 2. The column heads 
will have a value of units, 2', 2?, 2%, or 2, 4, 
8 (Figure 2). In each column is allowed only 
one digit. The class then learned how they 
might count, add, subtract, multiply and 
divide with this number base just as they 
had done using the base ten (Figure 3). 
Counting and computation in a system 
based upon 2 or any other number gives 
children a new experience in working with 
the zero and the concept of place value. 
Since in the binary system only one digit 


Fic. 2 
Binary NuMBER CHART—BASE 2 
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On this binary number chart the number eleven 
is represented. 
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ADDITION AND SUBTRACTION—BASE 10 AND BASE 2 


| | ADDITION 
| Base 10 | Base 2 
| 
1 } 1 Base 10 Base 2 
2 10 7 111 
| +2 +10 
3 | - 
——| 9 1001 
4 100 
2 
5 | 101 | SUBTRACTION 
6 110 
| 7 111 | 9 1001 
—101 
8 1000 | 
4 100 
9 1001 | 
| 1010 


is allowed, the place holder, zero, is used 
frequently. 

The same logic can be applied to any 
base used. Another example we used in 
class was the base 5. The column heads be- 
ing units, 5!, 5?, 5%, of units, 5, 25, 125, etc. 
In each column we have four digits. At 
first the class used the regular digits of 1, 2, 
3, 4. Later they realized they could make 
their own symbols such as # for 1, & for 2, 
% for 3, ! for 4 and so forth. We then ap- 
ply the logic of this formula of our number 
system to any number we may wish to use 
as a base. 

Abaci can be constructed with number 
bases other than base ten. Children are able 
to count, add, and subtract on these abaci. 

Although the abacus was introduced in 
the classroom as a means of motivating 
children to improve their arithmetic skills, 
it is obvious that the benefits were far 
greater. The zero as a place holder took on 
new meaning. The class could see our num- 
ber system as a system based upon logic and 
order. They were able to appreciate mathe- 
matics as a science. Although they worked 
hard to understand the concepts presented 
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Homemade abaci with various number bases. 


they enjoyed the experience and gained a 
feeling of accomplishment. 

We are convinced that the abacus can 
be used successfully as a teaching tool in 
arithmetic. It is our feeling that studies 
should be made to seek answers to several 
questions. At what grade levels should an 
abacus be used? How deeply should each 
grade level delve into our number system? 
Can the teaching of generalizations and 
formulas play a more important role in the 
teaching of arithmetic in our elementary 
and junior high schools? 

If you as a teacher, or your school dis- 
trict should engage in experimental work 
with the abacus you will find the results 
most rewarding. 


Epiror’s Nore. The abacus is certainly an old 
device which has been used many centuries for 
computation. However its historical usefulness was 
associated with number systems that differed sig- 
nificantly from the Hindu-Arabic system which we 
use. As the authors point out, much can be learned 
about our number system by using an abacus. The 
open-end sticks on a frame seem most useful because 
this one frame can then be used for work with any 
number base. The basic principles are the same 
with various bases and it is the learning of these 
principles that is important. Later, in work with 
pencil and paper the principles of the number sys- 
tem are useful in understanding what is being done 
with numbers and is discovering short cuts and eas- 
ier procedures. The abacus can be and should be 
much more than an “interest device.” 


The Rapid Learner 
(Continued from page 313) 


As an example, in a problem situation which 
might utilize the multiplication of $12.98 
by 75 we might expect an estimate of $975 
rather than an estimate of a little over 
$900. The climate of expectation should be 
changed for the more capable in the mathe- 
matical area. 

The resources of our library and the ac- 
tivities of our everyday living can invite 
many challenges. The most important 
asset in developing material for the rapid 
learner is to have the teacher believe that 
something valuable can be accomplished. 
The next important aspect is to direct the 
thinking and energies of children in the di- 
rection of doing extra and interesting chal- 
lenging supplementary activities. To these 
two add a little time, enthusiasm and com- 
mendation for critical thinking and many 
new ideas can be developed and a self- 
challenging program will result. 


Epiror’s Norte. Dr. Schwartz has given a num- 
ber of special procedures which may be used to 
challenge the more able pupils. His examples are 
largely in the computational area but he asks for 
both understanding and appreciation on the part 
of the pupil. It would be a mistake to teach many 
of the short cuts to any of our pupils to be learned 
and used mechanically without an understanding of 
what is being done. On the other hand, certain spe- 
cial procedures are very rich in their potential for 
developing understanding and insight. 

We may use many types of enrichment material 
for our able pupils. These young people should be 
able to think well and this is an aspect of learning 
upon which we should capitalize because thinking 
will continue as one of our main objectives. As the 
author points out, “the most important asset in 
developing material for the rapid learner is to have 
the teacher believe that something valuable can be 
accomplished.” Let us all make progress in this 
direction. 


The Editors of 
THE ARITHMETIC TEACHER 
Extend 
Happy Holiday Greetings 
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Prognosis for Studying Algebra 


Rosert E. DinKEL 
Culver City, California 


Wr SHOULD STUDY ALGEBRA and when 
should this study begin? With the 
renewed interest in the study of mathe- 
matics and since the program of the ninth 
grade in many schools continues to be 
mostly algebra it is pertinent to consider in 
grades seven and eight the prognosis for 
success in algebra. This problem was in- 
vestigated by the writer and the conclusions 
he found are briefly presented in this article. 

The writer made a detailed two-year 
study of his algebra classes at Culver City 
(148 cases each year), and derived a prog- 
nosis battery with a multiple coefficient of 
correlation of .78 for the first year, and .86 
for the second year. The standard error of 
these multiple correlations is around .03. 
With these standard errors we are confident 
at the 1% level that the “‘true” correlation 
would be within +.08 of the obtained cor- 
relation. The first-year results would then 
put the ‘“‘true’’ multiple correlation be- 
tween .70 and .86, and the second-year re- 
sults between .78 and .94. 

This overlap of ranges for the “true” 
multiple correlation would further restrict 
the range of the “‘true’’ correlation to the 
range .78 to .86. Based on the combined 
studies, we can then be confident at the 2% 
level that further computations of multiple 
correlations based on this same population 
with the same prognosis and criteria vari- 
ables would give results within this same 
range—.78 to .86—a range high enough 
to be very helpful in prediction. 

Student success was based on scores on 
standardized algebra achievement tests. 
Useful prognosis variables included algebra 
prognosis tests, I.Q., arithmetic achieve- 
ment tests, and previous arithmetic class 
grades. 


Selection of Prognosis Variables 


The writer, having taught algebra classes 
for about ten years, had various guesses as 


to what measures would predict which stu- 
dents were most likely to succeed or most 
likely to fail in algebra. To measure success 
at the end of the semester he used the aver- 
age of the scaled scores on two forms of the 
Seattle Algebra Test, and at the end of the 
year the average of scaled scores on two 
forms of the Cooperative Elementary Algebra 
Test. To predict success he naturally 
thought of I.Q. (California Test of Mental 
Maturity), Orleans Algebra Prognosis Test, 
previous teachers’ grades, and arithmetic 
competency (Cooperative Mathematics Test 
for Grades 7, 8, and 9). 

He was disappointed in other variables he 
thought might be pertinent such as ‘‘Num- 
ber” and ‘‘Reason” on Thurstones’ Primary 
Mental Ability Test, chronological age, sex, 
and an attempted measure of “‘willingness” 
and ‘‘pessimism’’ based on the student’s 
own opinion at the first of the year. Along 
with these he discarded the parent’s written 
opinion as of the first of the year, a com- 
posite of recorded work-habit grades from 
the previous year, and reading grade place- 
ment. 

Since the Orleans Test is a test that is tedi- 
ous to time and slow to score, the writer 
constructed a 24 item multiple-choice prog- 
nosis test to see if something easier to use 
could be devised. He also attempted to 
write it so that brief exposure to algebra 
would cause less change in the scores. Sur- 
prisingly, this twenty minute Pretest cor- 
related almost as well with semester success 
as did the Orleans (.57 against .64 for the 
first year, and .69 against .72 the second 
year). Comparison was closer for the end-of- 
year success (.64 against .65, and .69 
against .76). 

To distinguish the useful variables from 
the maze of thirteen variables, the Wherry- 
Doolittle Test Selection Method was em- 
ployed. The first variable selected by this 
method was the 80-minute Cooperative Mathe- 
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matics Test, then was added the I.Q. as 
measured on the California Test of Mental 
Maturity, then came previous year’s arith- 
metic grades, and finally the scores from the 
Orleans test. 


Second-year Findings 


The following year the author again had 
all five of the algebra classes at Culver City 
Junior High School, with again complete 
statistics on 148 students. For economy of 
time only the five scores (Cooperative Mathe- 
matics, 1.Q., arithmetic report card grades, 
Orleans, and author’s Pretest) were retained. 

The Pretest was doubled to 48 items by 
writing a second 24 items closely following 
the outline of the first 24. The original 24 
item Pretest had a matched-half coefficient 
of reliability of .75. Statistical theory pre- 
dicted that doubling the test would give a 
reliability of .85. Actual obtained results 
showed the 48 item Pretest as having just 
over .83, which was very close considering 
that different student populations were 
used. 

The Doolittle method was used to com- 
pute the multiple correlation coefficient. 
This gave a multiple correlation of .86 be- 
tween the five criteria variables and the 
average of two forms of the Cooperative Alge- 
bra Test. 


‘‘Pretest’’ Used for Screening 


These results encouraged the guidance 
department at Culver City Junior High. 
They decided to give the Pretest to all 
eighth grade students soon after the middle 
of the year, in time to use the results in 
screening for algebra. Rather than use com- 
plex regression coefficients to produce a 
prognosis battery score, they used an in- 
formal composite of Pretest, 1.Q., and teacher 
recommendations. The general thinking 
was that if a student was low in as many as 
one of these criteria, there would need to be 
some compensating strengths indicated else- 
where in his total guidance record to justify 
letting him try algebra at that time. 

The third year, 173 students took alge- 


bra. A correlation of the scores on the 48. 
item Pretest, administered in March of 1956, 
with report card grades in algebra in June 
of 1957 showed a coefficient of correlation 
of .66. In the examination of the results, it 
was found that no student with a score be- 
low 31 (based on 48) received an A, no one 
with a score below 25 received A or B, 
and no one with a score below 19 received a 
C or better. Since the teachers were not 
aware of the pretest scores, they were not 
influenced thereby in awarding algebra 
marks. Culver City has been using the 
Pretest ever since with good results. The 
writer did not teach any of the classes in 
the study after the second year since he was 
transferred to the senior high school. 


Application of Results to 
Other Schools 


The use of the test in Culver City sug- 
gested the possibility of making the Pretest 
available to other schools. As a result, the 
Pretest was extended to 72 items from which 
the best 60 were selected by item analysis 
techniques based on scores of students from 
several schools. This improved form showed 
a coefficient of reliability of .91 for an eighth 
grade group and .93 for a ninth grade 
group. The final form of the 60-item test 
has been published under the title of Su- 
vey Test of Algebraic Aptitude. Since the test 
is a 40-minute multiple-choice test without 
correction factors, its ease of administering 
and scoring is evident. It can be used indi- 
vidually or in large groups. 

The writer wishes to make a closing cau- 
tion on test usage. No single test can be 
used blindly. A test with correlation of .71 
accounts for only 50% of the variable 
quantities needed to predict absolutely. A 
correlation of .90 would account for only 
81% of the variables. This indicates that we 
cannot absolutely disqualify any student 
from ‘trying’? algebra in a public school. 
But, with such measures as the Survey Test 
of Algebraic Aptitude, 1.Q., previous grades in 
arithmetic, and teacher ratings we are in 4 
position to warn parents and counsel stu- 
dents when extreme effort and/or outside 
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help are mandatory if the student is to sur- 
vive academically in algebra. 

In Culver City, the screening has been 
done a year earlier on some superior stu- 
dents in selecting those who now start 
their regular college preparatory algebra 
in grade 8 instead of grade 9. This is con- 
sistent with the writer’s study for the mas- 
ter’s degree since chronological age had 
such a small correlation with success (about 
—.25), indicating that age is not a serious 
factor. 

In explaining the scores to parents, who 
seem to respect test scores more than teacher 
opinions, scatter-diagrams are very helpful. 
If these plot the actual ranges of final grades 
that have resulted for each prognosis score, 
it seems to have more meaning to parents 
than does a maze of technical terms familiar 
only to the students of statistics. 


Eprror’s Nore. The role of counselling and ad- 
visement of students is very important. Certainly 
advisement should be based upon the best inf&rma- 
tion and judgment available. Mr. Dinkel has sought 
for the factors which are most pertinent and has pro- 
duced a test of prognosis in algebra. His correla- 
tions of scores on this test with later marks in alge- 
bra are fairly high in such a testing situation. He 
wisely points out that other factors such as previous 
marks in arithmetic, the judgment of teachers, and 
the will to work are also important in making the 
final decision. Since a student’s future may be 
greatly influenced by counselling it is imperative 
that this be done by people who have a good deal of 
insight and understanding. It is doubtful if educa- 
tional guidance should ever be based upon the re- 
sults of one test. 
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Cup Cakes in Kindergarten 


Kindergarten and first grade children may 
record attendance with the paper cups in 
which individual cakes are baked. Use blue 
cups for the boys and pink ones for the girls. 
Call the boys and girls your Cup Cakes. 

Suppose there are fourteen boys in a class. 
Ten will stand in a row, and four will stand 
in a row apart from the others. The number 
of boys is ten and four, and we call this 
fourteen. A girl in the class pins a blue cup 
on the bulletin board for each boy, with ten 
cups in one row and four cups in a row 
apart. The number of cups is ten and four, 
or fourteen. 

Attendance for the girls is taken and re- 
corded similarly. 

When pupils are a little older, the whole 
class can be lined up in tens and ones and 
the attendance recorded with paper cups. 


REAMER KEL LER 


“I must be growing up. She’s beginning to look 
good to me.” 

Courtesy of Look. Not to be reprinted 

without further permission 
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The Madison Project* 


Marie Lutz 
Syracuse, New York 


RS. DowninG, why didn’t you teach 

me signed numbers the way you 

are teaching them to my brother? He 

knows them better than I do! He helps me!’ 

In this way, a ninth grader recently testi- 

fied to the success of the Madison Project 

now being inaugurated in one of the 
seventh grades in his school. 

Perhaps the most important contribution 
of the Madison Project is in the field of 
motivation. It captures the children’s “‘will- 
to-do” and before they realize what is hap- 
pening, they are using signed numbers as 
though they had been acquainted with 
them for a long time. 

Consider the matrix game. The score 
can be 0 (tie), minus (one side) or plus (the 
other side). The score is computed after 
each play, thus insuring a quick, easy use of 
the addition of signed numbers. 

In the true manner of the scientist, why 
don’t you try the matrix game so you can 
judge the results for yourself? In this game 
there are two sides: side A, and side B. To 
play the matrix game, side A will choose a 
letter, which corresponds to selecting a 
column in the following matrix, while side 
B chooses a number, which corresponds to 
selecting a row. They do this secretly and 
simultaneously, writing their selections on 
paper. They read their choices aloud and 
then find the corresponding entry in the 
matrix. If this entry is a minus number, side 
B wins. If it is a plus number, side A wins. 
Zero (0) means no win, or tie score. 

Trying it twice will make it clearer. Sup- 
pose we are using the following matrix: 


Side B’s choices ear 

Side B wins if score is minus (—) nq? (+1 

“3” (+1 


Suppose, for his first move, side A chooses 
**C”’, while side B chooses ‘*3’’. Then the last 
row and last column have been selected, so 
the corresponding entry is —2. In other 
words, B has won this round, and is now 
ahead by two points. We write this score as 
—2. 

Now it is the second turn. Suppose side A 
chooses “C’’, while side B chooses ‘‘2”. 
When they read their choices aloud they 
will realize that they have chosen the third 
column and second row.,The entry in the 
third column and second row is +2 (you 
may prefer to read this “‘positive two,” and 
write it +2). This means that, on this 
round, side A has won two points. The total 
score, after two rounds, is zero. (It is when 
the students compute the total score after 
each round that they perform addition of 
signed numbers without instruction.) 

But there is more than adding signed 
numbers to learn from the matrix game. 
Here is a set of matrices, not only to provide 
variety but to test out the matrix itself. Sup- 
pose one side wins all the time? Is the matrix 
fair? (Notice: not is one side or the other side 
fair!) Thus the children become acquainted 
with bias and its causes and results. Depth 
as well as simplicity makes the Madison 
Project appeal to the teacher, too. 


* The Madison Project is so named because it 
originated in The Madison School of Syracuse, New 
York. Its aim is to bring to the classroom all the best 
features of various studies for improving mathe- 
matics instruction. A number of schools are now us- 
ing the materials developed at Madison. 


-1 0) 

0 +2 
+1 —2 


Side A’s choices 


Side A wins if score is plus (+) 
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ADDITIONAL MATRICES 


IU. 

-1 ol 

V. 
1/+1 —1 0) 
-3 -1| 

VIL. VII. A 
(1 2.-3 
2 1 | 
3.2 = 2 


Are any matrices unfair, biased? 

The Project material covers many topics 
besides matrices. Equations are pursued us- 
ing a “balance” and a “missing link” or 
“pronumeral”’ technique. The children 
soon solve simultaneous equations with en- 
joyment. Words like “‘truth-set”” and “solu- 
tion set’? enter the scene easily and nat- 
urally. Transform operations hold no ter- 
rors; identities resolve without confusion. 

If you don’t like the idea of bringing dice 
into the classroom, the Point-set game pro- 
vides an even better way of graphing co- 
ordinates. It is a game of pure skill and it is 
very exciting. Everyone has fun locating 
points, but the strategy involved maintains 
long range interest for the most advanced. 
Mirabile dictu, all parts of the intellectual 
range learn to work together as a team. 

If you are wondering whether or not the 
Madison Project would be successful with 
your group, you should know that it has 
been (and is being) tried with below nor- 
mal, normal, and gifted children. The Madi- 
son Project ‘‘works”’ at all three levels. The 
more homogeneous the group, the better 
the results. 


Il. A B Cc 


+3 o -3 
-—2 
+3 +3 0 
IV. 
+3 0 -3) 
—2 +2 
—1 +3) 
VI. 
+1 —2 +1) 
0 +3 -3| 
—1 +42) 
IX. 
—1) 
0 & +5 0 
5 0) —§ 5 0, 


Epitor’s Note. The concept of a simple negative 
number is not difficult. Many pupils in the primary 
grades have gained this rather well and some of 
them can combine positive and negative values 
when small numbers are involved. The ‘“‘matrix 
game”’ seems very well suited as a medium and as 
abilities develop the numbers may be increased and 
even fractions can be introduced. Miss Lutz testifies 
that all levels of pupils in the seventh grade both en- 
joy and learn in this procedure. We need to experi- 
ment with many types of new materials but always 
we should keep in mind the contribution of these 
materials to the mathematical goals we want for 
the children. It would be easy to find new materials 
that are interesting, stimulating, and easily learned 
and yet we may want to reject them because they 
seem to serve no purpose except perhaps motiva- 
tion and pleasure. However, we must not judge 
superficially because a program or device that on the 
surface may seem superficial may actually be build- 
ing a rather fine understanding of mathematical 
relationships. 


A Christmas Gift 


Why not present a subscription to 
Tue ARITHMETIC TEACHER to a friend 
who will thereby be reminded eight 
times per year of your thoughtfulness? 


1{+1 0 —1 

2 —1 + | 
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Standard Time 


VERA SANFORD 
Oneonta, New York 


— EARTH, YOU KNOW, turns round 
once in every 24 hours, or, in com- 
mon language, the sun moves round the 
earth in that time; in what time, then, will 
the sun travel over 15 degrees? and why? 
over 1° (degree) of motion? over 1’ (min- 
ute) of motion? By the foregoing, we see 
that every degree of motion makes a dif- 
ference in time of 4 minutes, and every 
minute of motion a difference of 4 seconds. 
Now, since longitude is reckoned in degrees 
round the earth, can you tell me how to find 
the difference in time between one place 
and another, after knowing their difference 
in longitude?”’* When this book was writ- 
ten, the relation between the difference 
in longitude of two places and their differ- 
ence in time was an academic matter. 
Travel and communications were slow. 
Local time was sufficient. 

In popular interpretation, twelve o’clock 
noon was the time when the sun reached its 
highest point in the sky and when, in conse- 
quence, the shadow of a post was at its short- 
est for that day. In the northern hemisphere, 
this was the time when the sun was directly 
south of the observer: the time when the 
shadow of a window casing or of a door 
jamb would point due north. Accordingly, 
a “noon mark” would be scratched on a 
window sill or on the floor and noon would 
be the time when the edge of the shadow 
rested on the mark. Although this method 
ignored the equation of time, long known 
to astronomers, it was sufficient for ordinary 
purposes. 

Certain writers of arithmetics made use of 
the relation between difference in sun time 
and difference in longitude in verbal prob- 
lems. For example: 


* Roswell C. Smith, Practical and Mental Arith- 
metic, 1842, ed., pp. 231-2. 


Supposing a meteor should appear so high that it 
could be seen at once by the inhabitants of Boston, 
71°3’, of Washington, 77°43’, and of the Sandwich 
Islands, 155° west longitude; if the time be 47 min- 
utes past 11 o’clock of Dec. 31, 1847, at Washington, 
what will be the time at Boston, and at the Sand- 
wich Islands? 
Daniel Adams, Arithmetic, Boston 1848, p. 172 


Boston is situated about 6°40’ E. longitude from the 
city of Washington; when it is 2 o’clock at Washing- 
ton, what o’clock is it at Boston? 


I recollect of reading a story once of a gentleman 
going to a foreign country, who had a fancy to look 
at a bright star every evening, at the same moment, 
with a certain lady whom he left behind, and they 
agreed to look at 9 o’clock; but, it seems what, 
when the gentleman was in a different longitude, 
the time would of course be different; as, for in- 
stance, when he was in longitude differing 30° W. 
from where the lady was, she most probably had re- 
tired to rest, and was, perhaps, asleep, while he was 
gazing at the star. Can you tell me what o’clock it 
was, then, where she was? 
Roswell C. Smith, loc. cit., p. 232. 

With the building of railroads, local time 
was no longer sufficient. In the 1870's, for 
example, trains between Hartford and New 
York left Hartford on New York time while 
those between Hartford and Boston ran on 
Boston time. The Hartford railroad station 
had clocks showing local time, New York 
time, and Boston time. A man arriving at 
Buffalo from Portland, Maine, at 12:15 
Portland time, would find it was 11:40 by 
Buffalo time, but 12:00 by the New York 
Central clock and 11:25 by the Lake Shore 
clock. There were upwards of 500 railroads 
in the United States in the eighteen seven- 
ties and over 70 kinds of railroad time. 

This situation did not affect the British 
railroads where extreme differences in 
longitude were not great and Greenwich 
time sufficed, but in the United States and 
in Canada, with differences in longitude as 
great as 60°, the situation was complicated. 
The problem was solved in the two coun- 
tries at about the same time, with Sandford 
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Fleming in Canada and Charles Ferdinand 
Dowd in the United States taking active 
parts. 

Dr. Dowd (1825-1904), a Yale graduate, 
spent his adult life as a teacher and finally 
as principal of the Temple Grove Ladies 
Seminary at Saratoga Springs, New York, a 
school whose property was later acquired for 
Skidmore College. Dr. Dowd’s work on a 
time system for North America was an al- 
truistic project lasting for a dozen years. 

His first idea was a single time system for 
the United States, but as this lost all connec- 
tion between clock time and sun time, he 
discarded it in favor of time zones—four belts 
15° of longitude in width. The meridian of 
Washington would have been an appropri- 
ate reference line for this, but as this line 
was 77°1’ west of Greenwich, Washington 
time differed from Greenwich time by 5 hr. 
8 min. A change to make the center of the 
first time zone at the 75° meridian would 
make the difference in time just five hours. 
It should be noted that the Greenwich me- 
ridian had recently been adopted as the ref- 
erence meridian for making maps replacing 
the use of the meridian of the capital city or 
of the chief observatory of a country. 

In October, 1869, Dr. Dowd presented 
his plan of time zones reaching 7} degrees 
east and west of the 75°, 90°, 105°, 120° 
meridians to a convention of railway trunk 
lines in New York City. The association 
asked him to develop the system further. 

To complete the system, it was necessary 
to chart the dividing lines of the time zones 
to cause the least inconvenience so far as 
state boundaries were concerned, and to 
list the correction factor for the conversion 
to Standard Time of the local time of each 
railroad station in the country. 

The plan was approved by scientists at 
Yale and elsewhere. But railroad rate wars 


occupied the attention of subsequent rail- 
way conventions. Dr. Dowd was able, how- 
ever, to gain the approval of the New Eng- 
land Railway Association and that of the 
Western and Southern Association but 
these did not press the change because 
“most passengers went only short distances.” 


In 1879 the American Society for the Ad- 
vancement of Science took up the matter 
and urged that the railways adopt Standard 
Time. The railways appointed a Mr. Wil- 
liam F. Allen to investigate the matter, 
and the change was made in 1883. 

According to the New York Times of Nov. 
19, 1883, “At nine o’clock yesterday morn- 
ing, the pendulum of the standard clock in 
the Western Union Telegraph Building 

.. Was set at rest for 3 minutes and 
58.38 seconds.’ Standard Time had come 
into existence. 

There were the usual non-conformists. A 
man in Cleveland kept his clocks on local 
time to the annoyance of his family, and to 
their later delight in telling the tale. It was 
comparable to the situation when Day- 
light Saving Time was first instituted in 
World War I when certain people resisted 
the change on the score that they were satis- 
fied with ‘‘God’s time.” 

Thus the creation of Standard Time zones 
in the United States was due to an intoler- 
able condition that like Topsy had ‘“‘just 
growed,” to the industry and perseverance 
of a school man, to the support given by the 
American Society for the Advancement to 
Science, and to the action of the Railway 
Association. 


Eprror’s Note: Many people will not realize 
that ‘Standard Time”’ as we know it is only seventy- 
five years old. The system of time belts and the cor- 
responding hourly changes became necessary with 
the more rapid and more common transportation of 
goods and people. Measures were similarly stand- 
ardized when the demands of trade made this neces- 
sary. With rapid rates of travel and with radio and 
television programs originating at great distances, 
people have become much more ‘“‘time conscious.” 
Certainly the arithmetical and the geographical 
factors in the study of time should be used coopera- 
tively when this topic is being studied. 

The editor is always amused when a newspaper 
reports that a wedding took place at “high noon” 
which implies that at this moment the sun was at 
its daily zenith. He has found but one clergyman 
who had given the topic serious thought. A good 
student in the upper grades might well explore such 
topics as ‘‘the equation of time”’ as an area for extra 
study. 

Professor Sanford retired last summer from her 
position as chairman of the mathematics depart- 
ment at the State Teachers College at Oneonta. 
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What Is a Number?—A 
Bulletin Board Display 


There has been a tendency to use just one 
concept in teaching the meaning of a num- 
ber to arithmetic students. This concept is 
the decimal system, which indicates that a 
number is composed of so many units of 
ones, tens, hundreds, etc. 

One can illustrate this concept by using 
individual, and bundles of, sticks, toothpicks, 
straws, strips of paper, and other materials. 
The children can grasp this concept by 
handling these objects and putting the cor- 
rect numbers of each in the proper columns. 
Thus, carrying and borrowing, as well as 
place value can be made visual. 

But there are other ways of looking at a 
number. This year I organized a bulletin 
board which tried to show several ways of 
looking at a number. I called the bulletin 
board, ‘‘What Is A Number?” 

Using the number 16, I indicated with 
headings that the number 16 might be 
thought of as denoting size, time, sequence, 
quality, and quantity. 

Also, the number 16 was shown on a grad- 
uated number scale, which presented both 
positive and negative numbers. A number 
scale ought to make the relationship of one 


number to another in order more apparent. 

The decimal system was illustrated in two 
ways—by a picture of an abacus, and with 
strips and bundles of strips in proper col- 
umns. 

There is an idea that one might think of a 
number in terms of how many more num- 
bers should be added to the original number 
to make the next multiple of ten. So, number 
16 was illustrated with ten colored paper 
blocks in one column, and six blocks in 
another column with space for four more 
blocks indicated in different color. 

At the bottom of the bulletin board, the 
number 16 was shown as the multiple of the 
numbers 4, 2, and 8. 

Finally, the idea that a number might be 
shown using just two symbols, instead of the 
regular nine digits and the zero, was indi- 
cated by illustrating the number 16, using 
the symbols 1 and 0 and + and —. This was 
how the bulletin board introduced the 
binary system to the students. 

Red, yellow and blue colored construc- 
tion paper gave the bulletin board sparkle 
and unity to the ideas presented. 

Contributed by 
Lucite LAGANKE 
Wilmington College, Ohio 
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Work-Type Lessons 
for Grade Six 


In the field of mathematics there is less 
opportunity than in many other fields for 
students to read widely and to forge ahead 
as interest is aroused. Those who find arith- 
metic easy can work ahead in the book per- 
haps. However, it is to the students’ ad- 
vantage to have a new process presented by 
the instructor who can teach more meaning- 
fully than can a textbook. The problem then 
is to supply material which will challenge 
the interest and ability of good students 
and also provide concepts of mathematical 
value in different types of situations. 

To meet the need of a busy classroom 
teacher this material has been prepared. It 
is not intended for slow learning arithmetic 
students. It is prepared for the students who 
do not need so much practice on the regular 
assignments, but could be challenged to go 
deeper in the field of mathematics. It is pre- 
pared for students who have the ability to 
read and interpret directions without asking 
the teacher questions. It is prepared with the 
aim of giving such students: (1) practice in 
reading and following explicit directions; 
(2) the opportunity to work independently 
on a work-type project when required text- 
book assignments are completed; (3) addi- 
tional mathematical concepts which will be 
met later in a different way. The lessons 
have been written so that good students 
should be able to read, to think, to figure, 
and sometimes to construct with a minimum 
amount of help from the teacher. 

Before the lessons are given to the stu- 
dents, be sure the following items are avail- 
able: scissors; sheets of cardboard about 8” 
by 11”; a paper punch; a ruler; brass fas- 
teners. 

Polygons 
Part I 


As you look about the room, you see 
many shapes with which you are familiar, 


and which you can name: as a square, a 
rectangle, and a triangle. These figures, as 
well as all other figures which are enclosed 
by straight lines are called polygons. Today 
we are going to make some polygons. 

Do you know what a pentagon is? Or a 
hexagon? Or an octagon? The dictionary 
will tell you the meaning of each one. When 
you are sure you know the meaning of each, 
you may begin your construction. 

You are going to need a sheet of card- 
board, a ruler, scissors, a paper punch, and 
brass fasteners. 

Do you remember that it takes two dots to 
locate a straight line? Then measure care- 
fully 3” from the narrowest side of the card- 
board. Did you measure in two different 
places so that there will be two dots through 
which te draw the line? If so, then draw the 
line the entire width of the cardboard so 
that you have a strip 3” wide and about 8” 
long. Cut off this strip and then, measuring 
carefully, cut it in half. You now have two 
strips about 3” by 4”. Repeat this process of 
cutting strips until you have eighteen strips 
each 3” by 4”. 

Now, taking the paper punch, punch 
holes about 3” from each end of each strip. 
Your eighteen strips will look something 
like this: 


| 


| 


Now comes the best part. You are to use 
the brass fasteners and these strips to make 
each of the following: a pentagon; a 
square; a triangle; and a hexagon. 

When you have finished the four poly- 
gons, work with them and see if you discover 
anything about them worth discussing with 
your teacher. Is there any way in which 
they are all alike? Is there any way in which 


326 


one 

com 

cove 
| 

have 

bit 

usec 

wor 

dow 

ture 

car¢ 

pol 

pro 

obs 

exp 

wri 

inc 

tha 

mi 

of 

Le 

is 

do 

an 

— — - — 7 uc 

| is 

th 

} th 

pi 

rc 

b 

1 b 


DeEcEMBER, 1959 


one differs from the others? Write down, in 
complete sentences, anything you have dis- 
covered, and lay the paper on the teacher’s 
desk. Be sure your name is on the paper. 


Part II 


The work we did in the last lesson should 
have led you to discover a very important 
bit of knowledge. This important fact is 
used over and over again in construction 
work. As you go about the neighborhood of 
downtown where there are large steel struc- 
tures being built, look at the framework 
carefully and see if there is a certain kind of 
polygon used over and over. Keep this 
problem in mind until you have a chance to 
observe some real construction. You will be 
expected, before the end of the semester to 
write a paragraph telling what was im- 
portant about the cardboard construction 
you did in the last lesson. You will want to 
include in that paragraph, the reason why 
that information is useful to men who build 
mighty structures. 

Contributed by 
VIOLET SHERWOOD 
Brooks School, Des Moines, Iowa 


A Device for Grade One 


First graders can use the crimped covers 
of milk bottles to build with tens and ones. 
Let the children bring in the covers. There 
is more time for understanding if the covers 
do not come in too rapidly. The more colors 
and patterns on the covers (different prod- 
ucts of different dairies) the more interesting 
is the game. 

Suppose thirteen covers are brought in 
the first day. Ten are pinned in a row across 
the top of a bulletin board, and three are 
pinned on as the beginning of the second 
row. The children see 13 as 1 ten and 3 ones. 

The next day eleven more covers are 
brought in and pinned on the bulletin 
board. The second row is finished and third 
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row begun. Children see the 24 as 2 tens and 
4 ones. 

Continue till there are 10 rows of ten. 
Children can learn much from this game: 
Counting by 1’s and by 10’s; seeing the im- 
portance of 10 in our number system; gain- 
ing readiness for addition and subtraction. 


Number Recognition in Kgn. 


A large worktable is in the back of kinder- 
garten or first grade room. On it are stamp 
pads and a number of stamps to make 
ponies, cowboys, trains, airplanes. ... When 
a pupil has finished his work, he asks permis- 
sion to work at the worktable. The teacher 
writes a number, say 7, on a small sheet of 
manila paper. It is the pupil’s job to stamp 
exactly 7 ponies, or whatever he likes, on 
the sheet. He counts many times the figures 
he stamps and figures many times the num- 
ber he still needs to make. There is a grieved 
look on teacher’s face if the number he 
stamps is not correct; there is reward if it is 
correct. Teacher stamps the paper, if cor- 
rect, as APPROVED with her initials, and 
he walks away as happy as if it were a col- 
lege diploma. He takes it home to mother. 


Not for the Romans 


Claudia said she could take one from four 
and have five left. Then Julius showed her 
how to take eleven from twenty-nine and 
have twenty left. Here is how they did it. 
You can invent other tricks with Roman 


In a remote region it was customary to 
name all children after characters in the 
bible. One minister was puzzled when a 
mother asked to have her child named 
*Pisalem Sieve.’ She couldn’t remember 
the spelling but proceeded to show the 
minister from her bible 
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In “The Good Old Days’’* 


Advertisement 


SLATED ARITHMETICS 


This consists of the application of an artificially slated surface to the inner cover of a book’ 
with flap of the same opening outward, so that students may refer to the book and use the 
slate at one and the same time, and as though the slate were detached. When folded up, 
the slate preserves examples and memoranda till needed. The material used is as durable 
as the stone slate. The additional cost of books thus improved is trifling. 


Prices 


* The above item was sent in by Professor Jesse 
Osborn of St. Louis. Prices were lower 100 years 


ago when slates were common. 
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$.25 $ .32 
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more children learn more with the 
true, tried, and tested teaching methods used in 
the Buswell * Brownell ¢ Sauble ¢ Weaver 


ARITHMETIC WE NEED 


Arithmetic We Need Series pinpoints each 
mathematical concept for pupils and or- = 
ganizes these concepts into meaningful, 
systematic learning. Numbers We Need 
(grades 1-2) consists of work-texts and 
highly detailed Manuals with reproduced 
text pages (in full color, of course). 
Arithmetic We Need for grades 3-8 has 
textbooks, workbooks, tests, and out- 
standing Manuals with reproduced text 
pages with answers, complete lesson 
plans, and a world of teaching aids for 
busy teachers. It’s the Arithmetic We 
Need Series that you'll find in tens of 
thousands of schools all over the country! 


GINN AND COMPANY 


Home Office: Boston Sales Offices: New York 11 @ Chicago 6 @ Atlanta 3 
Dallas 1 Palo Alto Toronto 16 
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The New Model for Mathematics Teaching... 


“NUMBERS IN COLOR’ 


A Cuisenaire* Learning Aid for Use from Kindergarten through 
High School 


A new basic approach, already bringing fundamental changes in mathematics teaching in U.S. and 
foreign countries, enables the child to grasp essential mathematical principles more rapidly and 
thoroughly. Makes mathematics exciting and enjoyable through learning by discovery! Consists of 
241 colored rods of varying length (without confining unit-measurement marks) and correlated instruc- 
tion material for systematic presentation, in concrete form, of: 


e All school arithmetic concepts and operations (addition, subtraction, multiplication, division and 
fractions all introduced in first year) 


e Algebraic topics such as simultaneous equations; difference of squares; powers and fractional 
powers; commutative, associative and distributive properties; notation to various bases) 


e Geometric concepts (point, line, plane, volume) 

e Set theory (union, intersection, inclusion, preducts) 

Colors and size of rods are designed for easiest use by children. They can be used with individuals 
or with classes of any size. Children do not become dependent on the rods; notation and written prob- 
lems are used at all stages. The Cuisenaire approach is judged mathematically sound by mathe- 
maticians and educationally sound by educators and has been proven in classroom use in England, 
Scotland, Belgium, France, Spain, Italy, Canada, etc. 

A teacher’s handbook and a series of pupil’s booklets by Dr. C. Gattegno contain the information 
required to use “NUMBERS IN COLOR.” Write for further infermation and free copy of “A 
Teacher’s Introduction to NUMBERS IN COLOR.” 


Suitable for purchase under Title III, National Defense Education Act, 1958 


© CUISENAIRE COMPANY OF AMERICA, INC. 
246 East 46th Street New York 17, N.Y. 


* TRADE MARK 


Use Your NATIONAL DEFENSE 


EDUCATION FUNDS . . . | NUMBERS AND 
for equipping each classroom | N U M E R A L S 


with valuable items. 


1. Number Line Packet—$1.50 | by SMITH and GINSBURG 


¢ Horizontal number line 15 ft. long 
@ Vertical number line 36 inches tall 
Illustrated manual An illustrated account of the history of 


¢ The original commercial number line kit numbers. Scholarly, yet easy to read. For 


all ages. 62 pp. 35¢. 
2. Bookle--——-HOW TO CHALLENGE 


THE GIFTED IN ARITHMETIC— 
$1.50 | Postpaid if you send remittance with order 
© 40 pages—10 pictures 


e Practical classroom ideas 


NATIONAL COUNCIL OF 


TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. 
Washington 6, D.C. 


e Over 40 sources of enrichment materials 
© Copyright 1959 


The Denny Press, Dept. AT-5 
909 Aurora Ave. Des Moines 13, lowa 
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It’s the nature of women .. . 


to be demanding. Second will not do, if first best is 
obtainable. Take this young person. Don’t let her age 
deceive you. Her standards are very high, and she 
knows what pleases her. 


Arithmetic books, for instance. Certainly, she wants to 
know about fractions, the mysteries of long division, 
and how to find per cents. But . . . she’s demanding. 
The texts she wants offer more than the bare necessities. 
She wants books that will give her interesting things to 
do and new ideas to explore. She wants texts with 
bright covers and handsome, gay pictures. Learning, 
after all, is pleasanter that way . . . pleasanter, easier 


and greater. 


Her demands are high, but not impossible. They can 


be met in her classroom tomorrow with... 


LEARNING TO USE ARITHMETIC 


Gunderson, Hollister, Randall, Urbancek, Wren, Wrightstone 


For Grades 1-8. Including Texts, Workbooks, Teacher's 
Editions of Texts and Workbooks, Correlated Film- 


strips, Manipulative Materials, and Professional Books. 


D. C. HEATH AND COMPANY 
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—— Frequency fo ight 


THE ARITHMETIC TEACHER 


@ Devoted to the improvement of the teaching of arithmetic in kindergarten and in 
all the grades of the elementary school. 


@ Feature articles by leading thinkers in the teaching of arithmetic. 


/ @ Special features include information on investigation and research, teaching and 
curriculum problems, testing and evaluation, teaching aids and devices, and reviews. 


@ Nearly 10,000 professionally-minded subscribers now receive The Arithmetic 
Teacher. This growth in number of subscribers permits the frequency of publication 
to be increased from six to eight issues per year. 


If you are not a subscriber, you also should begin to enjoy the benefits of this journal. 
If you are a subscriber, tell your colleagues about The Arithmetic Teacher. 


Membership-subscription $5.00 


For individuals only. Includes membership in the National Council of Teachers of 
Mathematics. For an additional fee of $3.00 a member may also receive The Mathe- 
matics Teacher. 


Student Membership-subscription $1.50 


For students who have never taught. Order must be submitted by or certified by a 
staff member of the school. Mathematics Teacher is available for $1.00 additional. 


Institutional subscription $7.00 
For schools, libraries, departments, or other institutions. 


Send order with remittance to: 


NATIONAL COUNCIL OF TEACHERS OF MATHEMATICS 
1201 Sixteenth Street, N.W. Washington 6, D.C. 


Please mention the ARITHMETIC TEACHER when answering advertisements 


LEARNING 


D-STIX CONSTRUCTION KITS 


your 
understandings of perimeter and area of plane 


board on which geometric 

be made with rubber ba :ds. 

Stock No. 60,089-DJ ........$1.00 Postpaid 


Stock No, 70,201-DJ $4.95 Postpaid 
Abacus Kit—Make Your Own! 


faking your own own Abacus is a wonderful project for any math 
class, Ca, of as an nrichment unit. 
for us Our Makes or € 

0. - 


Pape. 
Abacuses. 
INSTRUCTION BOOKLET 


Arithmetic Can Be Fun! 


Here is another math aid that can be used as either 
‘or the fast 


full decks of playing Addition 
No DE $1.00 Postpaid 
Multi a . and Division for grades $ thru s— 
Miniature Flash Cards 
‘These self problems and snewer miniature flash 
be the solution to how to help your slow dow 
Na 7A Pontnald 


ORDER BY STOCK NUMBER... 


S AND TEACHING Al DS 


FOR YOUR CLASSROOM LIBRARY 
OR ARITHMETIC LABORATORY 


JUNIOR COMPUTER j 


Your pupils will really go for this addition to your arithmetic 
laboratory. It is ideal for self teaching, review, or gamer in class. 
Computer is of sturdy plastic 10%” square and comes with ‘essy 
to follow directions. For addition, subtraction, division or multi- 


Slide Rule 


give them an advantage in junior and stnior high 

math and science classes. We sell a bargain 10” 
plastic slide rule, a $7.00 value, for $3.00, These are perfect for 
bright pupils, for teacher use, for Math Clubs or for purchase for 
your arithmetic laboratory. A 14-page instruction booklet is given 
free with each slide rule purehase. 


Stock No. 30,288-DJI $3.00 Postpaid 


MATH ENRICHMENT BOOKS 


We have whet you have bem locking for to help yon to 


your gifted pupils working by themselves: 


Stock No. 9256-DJ—Canterbury Puzzles ..... 25 Postpaid 
Stock No, 9258-DJ—Math-E-Magic ..........-... 1.00 Postpaid 
Stock No. 9265-DJ—Magic House .,..... ...+.+. .85 Postpaid 
Stock No, 9257-DJ—Amusements in Math ........ 1.25 Postpaid 
Stock No. 9267-DJ—Fun With Mathematics ...... .50 Postpaid 


-. SEND CHECK OR MONEY ORDER... 


EDMUND SCIENTIFIC CO. 


FREE CATALOG—DJ 
128 Pages! Over 1000 Bargains! 


America’s No. 1 source of surply for low- 
cost Math and Science Teaching Aids, for 
experimenters, hobbyis‘'s. Complete line of 


SATISFACTION GUARANTEED! 


BARRINGTON, NEW JERSEY 


your gifted pupils interested in learning how to’ use the slide 
will 


Our sphere, cube, cylinder and octagonal prism 
here. We uy N wooden puzzles can help you solve the age-old re 
Wee Droblem of what to give to that speedy pupil who 
finished first. They are 2” high. There are if 
q ww, puzzles in the set including animals, ete. os 
Stock No. 70,205-DJ ..............$3.00 Postpaid 
TEACHING AIDS 
MATH MAGIC 
D-Stix clarify geometric figures for the young by "FREE | «Consists of three new games that can be | 
, actually demonstrating them in three dimensions. | | @ ME =, used in the back of your room by your = 
aera) They make recognition and understanding fun. Bayer »4 slow learners to help them pull up; or by = 
ee They can also used for showing molecular : - * brighter students as a fun in learning aid = 
: 44 structures in science classes, concepts of ele- 4 2 : as you guide slower students. They promote = 
mentary science and physics. These modern con- skill in addition, subtraction, multiplies- 
struction kits are far superior to older style wood rab od he tion and division. .  ——— 
230 pieces, 5, 6 and 8 sleeve connectors, 2”, 3”, A Stock No. 70,204-DJ ......$3.00 Postpaid aon 
4”. 5°. & aus 8” colored D-Siix— i 
| 
pieces, incl. 5, 6, 
, 10” and 12” D-Stix in colors— 
all items above plus long unpainted 
Stock No. 70,211-DJ Postpaid 
SS RUB-R-ART 
: plication, pupil simply inserts card, pushes numbers 
The use of this economical teaching aid in | probiem, and answer 
§ ABACUS Get 
Our abacus ts just the thing to use in 
lass to teach place value and number 
vlace f ame. it is of our own design 
4 ind is 9%” wide and 7%” long. It is 
made of a beautiful walnut wood, with 
6 rows of 10 counters. Complete in- ‘ 
structions are included with every ee. 
abacus. 
oe 
for the slower 
| 
Telescopes. Also huge selection of lenses, 
prisms, war surplus optical instruments, 4 
Darts snd accessories. Telescopes, micro- 
scopes, satellite scopes, binoculars, infrared 
Request Catalog—04 
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